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PREFACE 

Op late years, in the writing of textbooks of trigonometry, 
a tendency to ampliiication has shown itself, doubtless witli 
the idea that amplification means simplification. Unfortu- 
nately the amplification has spent itself upon details rather 
than upon principles, ■which latter have too often been in- 
adequately treated. The result has been textbooks which 
overlook the comparative maturity of the boys and girls 
who study trigonometry and which cliug almost with affec- 
tion to the practices of the most elementary mathematics. 

The present test aims to present the trigonometry in 
such a way as to make it interesting to students approaeh- 
iug some maturity, and ao aa to connect the subject, not 
only with the mathematics which the student has already 
had, but also with the mathematics which, in many cases at 
least, is to follow. A subject may be so burdened with 
detailed explanations as to become monotonous and lifeless, 
or, on the other hand, presented in so concise and difficult a 
manner as to be repellent. The present work endeavors to 
avoid both extremes. IHill explanations are given of im- 
portant principles, but many simple details are left to the 
work of the student. 

The following points in the text may be noted : 

1. Positive and negative angles of any magnitude and the 
trigonometric functions of such angles, defined by means of 
a system of rectangular coordinates, are taken up in the 
beginning of the book ; acute angles, with tbeir functions, 
being mentioned as a special ease. 

2. Thus the basic trigonometric identities are got at once 
for all angles. 

V 
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VI PREFACE 

3. The functions of 0°, 90°, etc., are carefully explained 
by the theory of limits. 

4. The solution of right triangles and related problems 
are taken up early without the use of logarithms. 

6. Logarithms are then very carefully explained and fully 
discussed, not so much as to their use in computation, bat 
rather so as to clarify their meaning. 

6. Right triangles are then solved by the use of loga- 
rithma, and the essentially approximate nature of all nu- 
merical results is emphasized. 

7. The text next returns bo trigonometric identities, giv- 
ing a detailed and accurate proof of the addition formulse 
for sines and cosines, with.less detailed but sufficient expla^ 
nation of other fimdamental identities. The number of 
identities to be memorized is reduced to a minimum. 

8. The circular measure of an angle and the inverse func- 
tions are then taken up, emphasis being laid upon the fact 
that the latter are angles. 

9. There follows the solution of triangles in general. As 
each ease is mentioned the theorems or formula needed for 
its solution are derived. 

10. The last subject treated in the plane trigonometry is 
the solution of trigonometric equations, and the fact is em- 
phasized that the operations are simply the solution of 
algebraic equations applied to a new class of quantities. 

11. The lists of examples and problems are numerous 
and carefully chosen, many of them being taken from work 
in analytic geometry and calculus, though, of course, no 
knowledge of either of these subjects is assumed. Some of 
the problems are entirely new, being invented for this text, 
and all problems are chosen with a purpose to indicate the 
practical interest and value of trigonometry. 

12 In the spheiical trigonometry, as in the plane, the 
three chief aims ace brevity, clarity, and simplicity ; a 
chapter on the Eiith treated as a sphere being given to 
enliven an otheiwise somewhat formal and lifeless subject. 

Id. The authoi has wot tried to revolutionize the teaching 

Ho-odt, Cookie 



PREFACE Vll 

of trigonometry, believing that much that has been done in 
the past is good though none the leas open to improvement. 
Such improvement baa beeu the aim of this work. 

The author wishes to acknowledge the kindness of his 
colleagues Professor H. W. Tyler, Professor F. L. Hitch- 
cock, and Professor J. Lipka in reading and criticizing the 
manuscript of bis book, and to express his thanks to Pro- 
fessor E. E. Hedrick, editor of the tables appended, for 
permission to make use of them. 

L. M. Passano. 
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INTRODUCTION 

Tkiqonometky is primarily the acience concerned with 
the measurement of plane and apherical triangles, that ia, 
with the determination of three of the parts of auch trl- 
anglea when the numerical values of the other three parts 
are given. This is done by means of the six trigono- 
metric functions, defined in article 4 following. But these 
functions enter so intimately into many hranehes of mathe- 
matical and phyaical science not directly concerned with the 
measurement of angles, that their analytical properties are 
of fundamental importance. Analytical trigonometry, that 
is, the proof and use of various algebraic relations among 
the trigonometric functions of the same or related angles, 
ia therefore, in modern times, of equal importance with the 
trigonometry which deals with triangular solutions. 

The same functions which enable one to solve triangles 
constructed iu a plane suffice also for the solution of apheri- 
cal trianglea. But the solution of triangles of which the 
sides are geodetic lines, that is, lines which are the shortest 
distances between pairs of points on the surface, on a sphe- 
roidal surface such as the Earth, requires the use of other 
functions than those needed for the solution of plane or 
spherical triangles. This spheroidal trigonometry is very 
complex, and becomes necessary only in the accurate aur- 
vey of very large tracts of the Earth's surface, For ordi- 
nary purposes of surveying and for the solution of triangles 
on the Earth's surface over small areas, plane and spherical 
trigonometry are sufdcient. 

The study of trigonometry, as ancillary to astronomy, 
dates from very early times. Among the Greeks, who, 
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XIV INTRODUCTION 

however, were more famous as geometers than as investi- 
gators in other braoches of mathematics, the names of 
Hipparehus (about 150 b.c.) and of Ptolemy (who lived in 
the second century of the Christian era), both astronomers, 
are prominent. Hipparehus left no mathematical writings, 
but we are told by an anoient writer that he created the 
science of trigonometry. Ptolemy, making nee of the inves- 
tigations and discoveries of Hipparehus, perfected the form 
of the science. The theorems of these two astronomers are 
still the basis of trigonometry. 

Ptolemy calculated a table of chords, which were used in 
those earliest days of the science, as we now use the sinea 
of angles. The radius of a circle he divided into sixty 
equal parts. Each of these he divided again into sixty equal 
parts, called, in the Latin translation of his work the 
Almagest, " partes minutae primae " ; and each of these in 
turn into sixty, called "partes minutae secundae"; whence 
have come the names " minutes " and " seconds " for the 
subdivisions of Idie angular degree. Ptolemy, however, was 
not the first to calculate a table of chorda, Hipparehus, 
among others, having done so previously, but he invented 
theorems by means of which the calculations could be more 
readily ma^ie. 

The Hindus, more skillful calculators than the Greeks, 
acquired the knowledge of the latter and improved upon it, 
notably in that they calculated tables of the half-chord, or 
sine, instead of the whole chord of the angle. The Arabs 
also were acquainted with the Almagest, and with the 
investigations of the Hindus. It was an Arab, Al Battani 
or Albategnius, who first calculated a table of what may be 
called cotangents, by computing the lengths of shadows of 
a vertical object cast by the sun at different altitudes. 
Another Arab invented, as a separate function, the tangent, 
which had previously been used only as an abbreviation of 
the ratio sine to cosine. Curiously enough this invention 
was afterwards forgotten until the tangent was re-invented 
in England in the fourteenth century by Bradwardine, and 
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INTRODUCTION XV 

in tho fifteenth century by the German, Johannes Milller, 
called Eegiomontanus, who wrote the first complete Euro- 
pean treatise on trigonometry. 

When Napier * invented logarithms, in 1614, they were at 
once adopted in trigonometric calculations, and the first 
tables of logarithmic sijies and tangents were made by 
Edmund Gunter, an English astronomer (1581-1626). He 
it was who first used the names cosine, cotangent, and co- 
secant. Daring the following century the science of trigo- 
nometry progressed slowly, hecoming more analytical in 
form, until, in the hands of Euler (1707-1783), it became 
essentially what it is at the present day. 

With this brief introduction to the history of trigonom- 
etry let ua now proceed to become acquainted with that 
homely, perhaps, but most serviceable handmaid to ao many 
of the arts and sciences, 

"... being just as great, no doulDt, 
Useful to men, and dear to Giod, as they I " 

* John Napier, 1."TO-1G],7. 
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CHAPTER I 

THE TRIGONOMETRIC FUNCTIONS OF ANY ANGLE, AND 
IDENTICAL RELATIONS AMONG THEM 

1. Rectangular Coordinates. Two lines, a/ar and /y, drawn 
in a plane at right angles to each other, as in Fig. 1, form 
a system of rectangular, Cartesian cofirdinatea. The point 
in which the lines intersect is called the origin ; the two 



/ \f. 



lines are called the axes of coordinates. One of these, 
usually the horizontal line, is called the axis of absciasse, or 
the axis of x. The other is called the axis of ordinatee, 
or the axis of y. We shall speak of XOY, YOX', X'OT', 
and Y'OX as the first, second, third, and fourth (juadranta 
respectively. 

2. Angles of any Magnitude. There are many ways in 
which a system of coordinates is used 5n mathematics. In 
trigonometry such a system is used primarily in defining 
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2 PLANE TRIGONOMETRY [I, S 2 

the trigonometiic functions, but before we proceed to do so 
we shall extend our ideas of angles beyond the knowledge 
we obtained of them in the elementary geometry. There 
an angle is defined by aome such definition as the following ; 
the plane figure formed by two straight lines drawn from 
the same point. The unit of ajigles is either the right angle, 
or the degree, and the largest angle usually dealt with is 
equivalent to two right angles and is often called a straight 
angle. In trigonometry, on the other hand, we deal with 
angles of any magnitude whatever. To do so we introduce 
the idea of motion, of revolution. Starting from the initial 
position OX, Fig. 1, we may revolve the line about in 
the direction indicated by the arrows, . stopping in any 
desired terminal position OPi, OP^, OP,, OP,, etc. In this 
way angles of any number of degrees whatever may be gen- 
erated. Thua, if we atop in the position OY, we have an 
angle of 90° ; in the position OX', 180° ; in the position 
OPs, 225° ; in the poaition OY', 270°, and so on. By mak- 
ing one whole revolution we should arrive at an angle of 
360° ; two and one half revolutions, 900°; etc. 

Not only so, but we might revolve from the initial posi- 
tion OX in the opposite direction. Now oppositeness is 
indicated algebraically hy the use of the signs plus (+) and 
minus {— ). So that if we agree to take the positive direc- 
tion of revolution counterclockwise, then clockwise will 
be the negative direction and we can thus generate negative 
angles of any magnitude whatever. Thus, Fig. 1, the 
angle XOPi is 225° if we have revolved in the positive 
direction, but is — 135° if we have revolved in the negative 
direction. When an angle lies in value between 0° and 90° 
it is said to be an angle in the first quadrant since its 
terminal aide lies in the first quadrant. An angle lying in 
value between 90° and 180° is said to he in tlie second 
quadrant; between 180° and 270°, in the third quadrant; 
between 270° and 360°, in the fourth quadrant. 
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Construct tlie angles 



2. - 210". 4. - 495'. 6. 420^ 

Add the following angles graphioally ; 

7. 720° and 30°. 10. 990- and - 60°. 

8. - 180" and 60". 11. - 46" and 120". 

9. - 90° and - 46=. 12. 135° and - 450". 

If j1 ia a positive angle in the first, second, third, or fourth quad- 
rant respectively, add graphically 

13. 460° and A. 15. 180" and - A. 

14. - 270° and A. 16. - 540° Mid - A. 

3. Abscissa, Ordinate, and Distance. Consider an angle, 
positiye or negative, of any magjiitude whatever*, XOP, of 




Eig. 2. From P, any point in the terminal side of this 
angle, drop a perpendicular upon the axis of x. The lines 
of the figure are named as follows : OM is called the 
abscissa of the point J*, MP the ordinate, and OP the dis- 
tance. The abscissa Oil/' and the ordinate MP. are together 
called the coordinates of the point P. Note very carefully 
that the abscissa is always read from to M, the ordinElte 
from M io P; that is, in each case from the axis to the 

» As a matter of convenience we do cot consider angles Duraerleally 
greater than MP. It is obvioua that the diseuBaion applies equally well 
Lo such angles. 
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4 PLANE TRIGONOMETRY II, S3 

point. The diatajiee is read from to P. Thus, for an 
angle in the second or third C[uadrant the direction of the 
abscissa is opposite to that of an angle in the firat or fourth 
(quadrant. Por an angle in the thiid or fourth quadrant 
the direction of the ordinate is opposite to that of the 
ordinate of an angle in the first or second quadrant. 
Oppositeness in direefcion being distinguished as usual by 
difference in algebraic sign we have the following con- 



Tlie abscissa measured to the right of the axla of y is 
positive ; to ike left, negative. The ordinate measured up- 
ward from the axis of x is positive ; downward, negative. 
The distance is measured from the origin outward and ia 
taken positive. 

EXAniFLES 

1. The abscissa of a point is 3, its ordinate 4 ; find the distance, 'i 

2. Tie distance of a point is 5, its ordinate 4 ; find the abscissa / 

3 . The ordinate of a point is — 2, its distance 3 ; find the abscissa. 

4. The ordinate of a point is — 5, its absoisaa — 4 ; find the 
distance. 

5. Prove that the square of the distance of any point ia equal to 
the sum of the squares of the abscissa and ordinate. 

6. Prove that for all points on a straight line through the origin 
the ratio of the ordinate to the abscissa is constant. 

i. The Trigonometric Functions Defined. Let us now 
proceed to define the six trigonometric functions of aa 
angle ; six quantities which depend upon the angle for 
their values. They are the possible ratios between the 
i pairs of the three lines named in Art. 3. Thus, 

^ ordinate of P __JI£P 
distance of P OP' 

__ abscissa of P _0M 
distance of P OP' 

_ ordinate of P _J>fP 
abscissa of P OM' 



rig. 2, the 

sine XOP 
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aecatit XOP = 



cosecant XOP 



abBCJBsa of P _ OM 
ordinate of P~ MP' 
distance off ^ Of 
abscissa of P OM 
_ distance of P _OP 
"ordinate of P~ Jin*' 



Three other Eanetions are aometimes used : The vereed 
sine, which is unity miuua the cosine ; the coYersod sine, 
which is unity minus the sine ; the suversed sine, which is 
unity plus the cosiue. They are relatively unimportant. 

5. Trigonometric Functions are Ratios, The first thing 
to be noted about these functions is that, being ratios, they 
are independent of the actual lengths of the abscissa, 



ordinate, and distance. Thus, Fig. 3, the triangles OM^Pi, 
OMiPi, and OM^Ps being similar, their homologous aides 
are proportional, so that 

sioXOP = ^i^ = « = «, 
O/*, OP, OP, ' 









M,P, 



Similarly the truth of the statement may 1 
the remaining functions. 
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[I, §6 



6. Sigas of the Futtctiona. The second point to be noted 
is that the signs of the functions vary aceoi'diijg to the 
quadrant in which the angle lies. Thus, Pig. 2, for the 
angle XOP in the first quadrant the abscissa, ordinate and 
distance are all positive so that all the functions are 
positive. For the angle XOP in the second quadrant the 
ordinate and distance are positive, the abscissa negative. 
Thus we have for the angle in the second quadrant 



sin XOP = 



OP 

OM 



~ om'^ - ~ 



The following table gives the signs of the functions in 
the four quadrants. 



cosine 
tangent 



cosecant 

secant 

cotangent 



EXAMPLES 
Determine the filgebraic signs of 

1. cos 218°. 3. ainllOO'. 5. sec 315". 

2. tan C- 460"). 4. EOt C-:99°). 6. cse (- 210'=). 

7. Let the student determine, as above, the signs of the trigone 
metric functions of angles in the third and fourth quadrants. 
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I, § 81 TRIGONOMETRIC FUNCTIONS V 

7. Functions of Acute Angles. A special set of definitions 
for the functions of acute angles, which are eometimea 
useful and should be known, follows directly as a special 




case of the generiU definitions given above. Thus, Fig. 4, 
in which the angle XOP lies in a right triangle, 

flin Xft P — '^^dinatt! _ opposite side 
distance hypotenuse 



distance hypotenuse 



abs. adj. side ' 

ord. opp. side 
sec XOP — <^"*- ^ hypot. 



qXOP-- 



_ dist. _ hypot. 
ord. opp. side' 



These definitions, it must be noted, 
with the more general definitions, but are applicable only 
to angles less than ninety degrees, since angles greater 
than ninety degrees cannot occur in right triangles. 

8. Reciprocal Functions. Two questions would naturally 
suggest themselves at this point: Are the trigonometric 
functions of an angle related to each other in any pai'ticular 
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8 PLANE TRIGONOMETRY [I, S8 

way? and, second, if there be a definite relation between 
two given angles will the functions of those angles beat 
some special relation to each other? We shall proceed to 
answer the first of these questions affirmatively, but shall 
leave the discussion of the second question to a later 
chapter (Chap. II). Thus, if a be any angle, it follows 
by the definitions of the trigonometric functions that 



ordinate 
'''"' distance - 


1 

" dist. 




ord. 


distance 


1 

" (iist. 




abs. 


ordinate 
tan a = -^ — r — = 
abscissa 


1_, 




ord. 



or, the st'jie and cosecant, the cosine and secant, the tangent 
and cotangent respectively of the same angle are reciprocals 
of each other. 

9. Tangent, Siae and Cosine. Again, by definition, and by 
Art. 8, 

ordinate 
ordinate distance sin a 



tanM 

distance 
1 COS a 



cotn: 



tan a sin « sin o 



These relations may be proved otherwise, thus, Fig. 6 ; 



MP 

MP_ OF __ fim XOP 
" 0M~ qM~ cofi XOP' 
OP 
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OM 
^ „^_ OM OP COS XOP 

cot XOP = ^TTT, = TTT, = ■ -ir^n ' 

OP 




10, Sine and Cosine. Also, Fig. 5, it is obvious that 

MP^ + OM^ = 0?°. 
Pividing eaoh term by OP^ gives 

Whence, by definition, 
(sin XOPy+(Goa XOPy = 1 
or as it is usually written, letting « = Z XOP, 
sin' a + cos^ « = 1. 

11. Tangent and Secant. Similarly, writing the first 
equation of Art. 10 in the form 

OP' = KP' + Um^ 

and dividing each term by OM"^, we have 

(OP\'_/MFV , 
\OMJ_ \OMI 
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.10 PLANE TRIGONOMETRY II, §11 

That 18 (sec XOF)^=(taii XOPf + 1 

or, see* a. = taa^ « + 1. 

In the same way we ottain the relation 

CSC* « = cot* a + 1. 

12. Fundamental Relations. These relations, summarized 
below, are of great importance and must be memorized. 



sin a = -i-, 

CSC a 


'^°^^^^^' 


cot a' 


eina 


COS a 


tana 


COB a 


cot a = ^^^. 
sin a 





ein^a + cos=a = 1. (3) 

sec* a = 1 + tan* a, esc* a = I + cot* a, (4) 

13. By means of the identities of Art. 12 the value of 
any one of the trigonometric functions may be expressed in 
terms of each of the other five. Thus, by (3) 



By (2), (1), and (4), 



Slid a Vl + tan* a 
where the radical may be either phis or minus. 

14. To Compute the Values of the Other Functions when One 
Function of an Angle is Given. By means of the relations 
of the preceding article if the value of any one function of 
an angle be given, the values of the remaining functions 
may be found, but a simpler method of obtaining them is 
illustrated by the following examples. 
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I, fimi the values of the 



Example 1. Given sin A 
remaining functions. 



The distance being always positive-, the minas aign nee- 
easai'ily is taken with the ordinate. Therefore, Fig, 6, 
construct an angle whose ordinate is — 2 and whose dis- 




tance is 3, or any multiple (m) of — 2 and 3. The third 
side of the light triangle is ± VS — 4 — ± VS. This is 
the value of the abscissa and we may write the values of 
the sis functions from the definitions. 



1 XOP, -- 



sin XOr-i ^ 



cosXOP, = -X2, 


cos JfOA=^, 


V5 


2 

tan XOPs =-~^ 


cotXOA = :^, 


cot XOP, = ~~ 



Ho-odt,Coogk' 



12 PLANE TRIGONOMETRY [I, 5 14 

e 2. Given cot ^ = — -J, find the remaining func- 
. . _ abs. m-5 _ _ 6 _ "^ " 



Old, 



■ -4' 



since eith.er th.e abscissa or tlie ordinate may be negative. 

Construct an angle XOPi, Fig. 7, having an a 
and an ordinate + 4, and an angle XOP^ having an a 



+ 5 and an ordinate — 4. In each case the distance ia 
found to be V25 + 16 = V41, and we may write 



V41 


V41 


V41 


V41 


UnXOPi = -^, 
6 


teiiXOP, = -|, 


cotXOP, = -~, 


cot XOP,--|, 


seoXOP, = -2:|i, 


5 


c,cX0/.. = i3l. 


c,cX0P, = -4l 



It will be seen that the ambiguity of the two seta of values 
will occuc in every case, no matter what function be given and 
no matter whether the sign of the given function be plus or 
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EXAMPLES 

Find the values of the remaining functions, given that 
1. sin a = J. 3. col a =- 3. 5. see « = 4. 

3. cosa = — J. 4. tan«==}, G. chc«= — ^/. 

7. If ain a=s 6, can the values of tlie remaining functions be 
found ? Why p 

8. If aeo le = J, can the values of the remaining functions be 
found ? Why ? 

9. If tan I = — 1, can the values of the remaining functions be 
found P Why ? 

10, Given see « = J, find the functions of 90° — «. 

11. Given cot « = ce, find the functions of 90° — a. 
Prove the following relatiooB : 



Vl — cos' a 
— cso^a = tan' « 
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IDENTICAL RELATIONS AMONG THE FUNCTIONS OF 
RELATED ANGLES- THE VALUES OF THE FUNC- 
TIONS OF CERTAIN ANGLES 

15. Functions of Negative Angles. We shall now proceed 
to determino the relations which exist among the functions 
of two angles when those angles are related in some par- 




ticular way. Let us consider first two angles one of which 
is the negative of the other, Pig. 8. Let the value of the 
positive angle XOP be a, and of the numerically equal 
negative angle XOP ' be — d. On the terminal sides of 
these angles lay oil the equal distances OP and OP', and 
drop perpendiculars from P and P' upon the axis of x. 
These perpendiculars will obviously cut the axis of ib in 
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the same point, M, and the two right triangles MOP and 
MOP' will te congruent. Therefore, OP' = OP, 0M= OM, 
d.ndMP'=-MP. We then h 



cos ( — I 
ta!i{- 
cot(— . 
sec(-. 
csc(- 




(5) 



-MP 



Thus any function of a negative angle is equal, n 
cally, to the same function of an equal positive angle. The 
algebraic sign is determined by the quadrant which — a lies 
in when a is a«ute. 

16. Functions of 90° — a. Consider next two angles, 
a and 90° - a, l"'ig. 9. Let XOP be the angle a and XOP' 
be 90° — «. Lay off on the terminal sides of these angles 
tlie equal distances OP and OP ', and from P and P ' drop 
perpendicidara PM and P'M' upon the axis of x. Then 
obviously the right triangles MOP and M'OP' are congru- 
ent, and OP = OP, M'P ' = OM, and OM' = MP. There- 
fore, 

= M=oos«, 
OP 



only sin (— «) and 



sin (90°- 


' OP' 


cos (90°- 


' OP' 


o£ Alt. 12, it 


I> nea.™,! 
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taii(90°-K) = 
cot (90'- a) = 
se(!{90''-a) = 
C8c(90°-a) = 



M'P' 


OM 


OM' 


MP 


OM' 


MP 


M'P' 


OM 


OP' 
OM'' 


OP 
MP 


OP' 


OP 


M'P' 


OM 






) 




1 






\ 


■■° 


m'. 




y' 


^, 




FiQ. 9. 



Thua we see that each of the functions of 90° — « is 
equal, numerically, to the eo-function of the angle a. The 
important case is when 'a. is acute, and « and 90° — « are 
complementary angles. Indeed it was because of this relar 
tion that the cosine, cotangent, and cosecant received their 
names. They are the sine, tangent, and secant of the 
complementary angle. 



17. 



Functioas of 90° + a. We shall consider two more 
limiting the discussion to acute values of a, although 
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17 



the results will be equally true for any value of a whatever. 
In Fig. 10 let the angle XOP be a. and XOP' be 90° + a. 
On the terminal aidea of these angles lay off the equal dis- 
tances OP and OP', and from P and P' drop perpendiculars 
FM and P'M' upon the axis of x. It follows that the two 



triangles MOP and M'OP' are congruent and that OP 
= OP, M'P' = OM, OM' = - MP. Therefore, 



sin (90° + « 


MP 0M_ 
OP' OP 


oo.(90- + « 


OM' -MP 
OP OP 


taii(90» + «) 


M'P' OM 
OM' - MP 


cot (90° + a 


OM -MP 

M'P OM 



CSC (90° + a) = 



0^P'_ 

M'P' 



OP^ 
OM 



18. Functions of 180° + a. In Fig. 11 let the angle XOP 
tie « and XOP' be 180° + «. On the terminal sides of these 
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angles lay off the equal distances OP and OP, and from 
Pand P' drop perpendiculars Pjtf and P'M' upon tlie axis 



of X. Then the triangles MOP and M'OP' are congruent 
and OP' = OP, M'P' = - MP, 0M'= - OM. Therefore, 



cos (180° + a) = 
tan (180° + «) = 
eot(180° + «) = 



MP' 
OM' 
OM' - OM 



MP ^ 
OM 



sec (180° + «)= 



M'P' 



-MP 



19, Generalization. In a similar manner may he found 
analogous relations connecting the functions of an angle a 
with the functions of any integral multiple of 90° plus or 
minus «. Upon examining these relations we are led, by 
induction, to express them in the following general rule. 

Any function of an even * multiple of 90° plus or minus a 
is the same function of the angle a. 

* Zero ia taken as an even ciimbei', so that the rule includes the case 



Ho-odt, Cookie 



IDENTICAL RELATIONS 



Any function of an odd 'multiple of 80° plus or minus a is 
the co-function of the angle a. 

The algebraic sign of the mlue is determined by the quad- 
rant (counting in the positive direction) in which the terminal 
side of the angle lies when a is acute. 

Examples. 

1. sin (720°— w)=— sina, since 720° is an even multiple 
of 90° and the terminal aide of 720° — a, when a is acute, 
lies in the fonrth quadrant. 

2. cot {— 90° — a)= tan a, since — 90° is an odd multiple 
of 90° and the terminal side of — 90° — a, when a Is acute, 
lies in the third quadrant. 

3. see (— 180°-!-«)= — seeo:, since —180° is an even 
multiple of 90° and the terminal aide of — 180° + a, w acute, 
lies in the third quadrant. 

4. tan 281° = tan (270° + 11°)= -cot 11°, or 
tan 281° = tan (360° - 79°) = - tan 79°, 



r270° 
■ 1360° 



[odd 



multiple of 90° and tlie termiuaJ 



s in the fourth quadrant. 



By means of a geometrical 
ing as a function of «, wliere i 
by tt© rule given above. 

1. cos {270° + a). 

2. sin (180° ~«). 

3. csc(-90° + «). 

4. tan (640" + «). 
Express as a f imction of an 

9. sin 324°. 
10. cos (-375°). 



n4&7°. 

of- 801° 32'). 



spress eacli al the follow- 
ngle. Ciieck your results 



)t (270° - 
le (270= - 



n(_180°-«). 
,s(_270'' + «). 



.n 405=". 
)s(-480''). 
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20. Functions of Certain Angles. We see by the preced- 
ing article that the functions of angles greater than 90°, 
and of negative angles, can he expressed in terms of the 
functions of angles lying between 0° and 90°. It follows 
that if we wish to use the trigonometric functions for com- 
putation or for other purposes we need find their values 
only for all positive acute angles. We shall not discuss 
the methods by means of which these values are compnted 
in genera], but Shall proceed to find the values of the func- 
tions of certain angles which frequently occur. We shall 
then, in the following chapter, show how we may find the 
values of the functions of any angle from tables with which 
we are provided. We shall see, also, how the values thus 
found may be used in the solution of triangles ; that is, in 
finding the unknown parts, angles or sides, of a triangle 
from parts which are given. 

21. Functions of 30" ana 60°. Let the angle XOP, Fig. 12, 
be an angle of 30°, and from i* dfop a perpendicular, PM, 





' 


P 




y^ 


f 




^v% 





apon the axis of x. Then, as we know, the angle OPM is 
60°, and if OP have the value a, MP must be equal to ^ 



dt, Cookie 



IDENTICAL RELATIONS 



a 






a^ 


MP 2 1 
OP-n-2' 




COB 30- 


OM 2 V3 

-OF — a r 


MP ~T' 

oM-„^r 


1 

°V5' 


col 30" 


OM 2 „ 


2 






2 


OP « 
OM aVS" 


vl' 


C3C 30" 


OF a , 
-MI'—o.-''- 



By a similar construction, or by the relations of Art. 16, 
the following values ma-y be derived : 



sec 60° = 2, 
CSC 60°=-^ 





at/ 


' 









22. FunctloflB of 45°. Let the angle XOP, Fig. 13, be an 
angle of 45°, and from P drop a perpendicular, PM, upon 
the axis of x. Then the angle 0PM is an angle of 45", and 
if OJfhave the value a, MP also will be equal to'a and OP 
will be aV^. Therefore, by definition. 
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sin 45° 


Mr_ a 1 
OP (,V2 V5' 


cos 45° 


OM 
OP 


a _ 1 
<.V2 V2' 


tan 45- 


-KP-^-1 

OM a ' 


cot 45° 


OM 

MP 


--1, 


sec 46» 


_ OP _oV2_^ 
~0M~ a ' 


CSC 45° 


OP 
MP 


^'-^' 



23. Functions of Other Angles Readily Found. By sim- 
ilar constructions the functions of 120°, 160°, 135°, etc., or, 
ia genei-al, any integral multiple of 90° plus or minus 30°, 
60°, or 45°, may be found. They may be found more 
readily, however, by using the rule given in Art. 19. Thus, 



EXAMPLES 
Find the values of the fiinetio^is of 



1. 


120''. 




3, 


135°. 




3. 

Pro 


160°. 
m that 




10. 


sin 210° t8 


m 300° = si 


11, 


sec 316° at 


io300'' = 3e 


12. 


tan 210°: 


cos 150° - 


13. 


CSC 330° sf 


!o 315° Bins 



sec 120°. 

24. Functions of Zero. Let tlie value of the angle XOP, 
Fig. 14, be represented by a, and from P, any point in the 
terminal side of the angle, drop a perpendicular, PM, upon 
the axis of x. By definition, 



-^P.^A.r....^OM 
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Now, for the sake of eonvenience keeping tho distance 
OP constant in length, let the lins OP approaeh nearer and 
nearer to the position OX. Then the angle a ean be made,* 
smaller than any angle that may be assigned, however 



small, or, as it is otherwise expressed, a will a.pproach the 
limit zero. At the aame time MP will approach zero as a 

limit, and OJWwill approach OP as a limit. Then — — will 

approach the limit zero and -— — will approach the limit 

unity. Thus, as the angle approaches the limit zero (or, 
becomes smaller than any value that may be assigned, how- 
ever small) its sine approaches the limit zero (or, becomes 
smaller than any value that may be assigned, however 
small) and its cosine approaches the limit unity (or, differs 
from unity by a number smaller than any number that may 
be assigned, however small). This may be written 



limit sin a — Q, 



limit cos « = 1. 



OP remains constant and MP grows smaller, so that — ^ 

becomes continually greater. ^Finally, when « approaches 
zero as a limit, MP becomes smaller than any number that 
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OPk 



■ signed, however great, 
approaches the limit 



may 

than any number that may be 
This we express by saying that -- 
infinity, or increases without limit. We may then write 
limit esc « = (». 

Similarly it may be shown that 
limit tan a~0, limit cot wssoo, limit sec a=l. 

These relations are often briefly expressed, 



tt 0° = 0, 



tan 0° : 
cot 0° : 



sec 0° = 1, 

cscO° =5 00. 



(6) 



cos 0° = 1, 

to which there is no objection if we remember that these are 

merely abbreviations of the preceding statements, and that 




0° means, not that we have no angle, but that we are deal- 
ing with an angle which becomes smaller than any value 
that may be assigned, however small ; aud that when this 
happens the sine of the angle also becomes smaller than 
any value that may be assigned, however small, the cotangent 
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becomes greater than any value that may be assigned, how- 
ever great, the cosine approaches the limit unity, etc. 

35. fi^mctions of 90". Let the angle XOP, Fig. 15, be 

represented by », and let OM, MP, and OP be respectively 

the abscjaaa, ordinate, and distance of P. Also, keeping the 

distance OP constant, let the line OP approach OF as its 

limiting position. Then, 

« approaches the limit 90°, 

OJf approaches the limit zero, 

MP approaches the limit OP, 

Therefore, 

limit sin a = limit — = 1, 
.^ OP 





limit cos a : 


= limit 


OP 


= 0, 






limit tan a ■- 


= limit 


MP 

OM 


.^, 






limit cot a ■ 


~ limit 


0M_ 
MP~ 


= 0, 






limit sec a ■■ 


— limit 


OP 
OM' 


= (0, 






limit CSC a 


= limit 


OP . 
MP' 


= 1. 




With the 


same understanding 


;asin 


the preceding article 


these may be written 










sin 90° = 1, 


tan 90° 


= 00, 


sec 90° 


:"' p) 


cos 90" = 0, 


cot 90° 


==0, 


CSC 90° 



86. The student should find, as in Arts. 24 and 25, the 
following : 

sin 180° = 0, tan 180° = 0, aee 180° = - 1, ,„, 

cos 180° = - 1, cot 180° = 00, CSC 180° = c«. ^ ' 

sin 270° = - 1, tan 270° = x, sec 270° = oo, ... 

cos 270° = 0, cot 270° = 0, esc 270° = - 1. "-^ 
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27. Limiting Values of the Functions. We have seen 
(Art. 20) that all possible niimerical values of the trig- 
onometrie functions are given by angles lying between 0° 
and 90°. Let us now see between what limita the values of 
the functions lie. From the discussion and figures of articles 
24 to 26 we see that 

the sine and cosine of an angle lie between — 1 and + 1, 
the tangent and cotangent lie betv)een — cjo and + co, 
the secant and coseoaM lie hetwem, 1 and ac 
and — oo. 



It is well to note also, for angles in the first quadrant, 
that as the angle increases the direct functions increase, 
the co-functions decrease. 

A very convenient and simple way to remember the range 
of values and the signs of the trigonometric functions is by 




means of the unit circle, a circle with unit ra.dius, which 
need not be actually drawn but merely visaalized. Draw 
such a circle, Fig. 16, with its center at the origin of co- 
ordinates, and let XOPbe any angle. Drop the perpendicu- 
lar PM upon the axis of X, and draw iQ tangent to the 
circle at L and meeting OP produced in Q. Xhen, by 
definition, 
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tan XOP = II - :^S = ± LQ, etc. 

If now the line OP be pictured, as revolving from the 
position OL, the sine of the angle XOP, namely MP, will 
be seen to increase from zero and approach unity as the 
angle approaches 90°. The cosine, namely OM, decreases 
from unity to zero, and the tajigent {LQ) increases without 
limit. Also, as the angle increases beyond 90°, the direc- 
tions of the lines MP and OM indicate tlie signs of the 
sine and cosine. The other functions follow directly from 
these two by virtue of the relations of Art. 12. 
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CHAPTER III 

THE SOLUTION OF RIGHT TRIANGLES. LOGARITHMS 
AND COMPUTATION BY MEANS OF LOGARITHMS 

28. Solution of Right Triangles. With the definitions of 
the trigonometric fimctions and tables giving their nu- 
merical values we are now prepared to solve right tri- 
angles ; that is, to find the values of the unknown parts 
from those that are known. Two parts in addition to the 
right angle must be known, 
and one at least of these parts 
must be a side. We have then 
the general rule of procedure : 
, Select that trigonometric func- 
tion which inv<dves the two 
knovin parts and one unknown 
"'"■ '■'■ part. The value of the un- 

known part can then be computed by elementary algebraic 
processes. 

Example 1. Given A = 32° 16', a = 124, C = 90°, find B, 
h, and c. See Kig. 17. 

Obviously £ = 90° - ^ = 90° - 32° 16' = 57° 44'. Then 




From the tables we find 
cot ^=1.5839. 
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Therefore, 

= 196.4. = 232.3. 

e 2. Given a = 50, 6 = 60, C = 90", find A, B, 



and c. 




In this case. 






ta.nA=^- = ~ = .8333. 
b 60 




J = 39° 48'. 




B = 90° - ^ =. 60° ] 



.6402 




= V2fiOO 


+ 


3600 


= 78.1. 


EXAMPLES 


= 78.1. 






Solve the following right triwiglea : 









A = 36° 22'. c = .70. 

2. a = 37.5, 4. B = 72" 6', 



PROBLEMS 



7. What is the height of a, flagpole it 3.t a, horizontal distance of 
200 feet from the foot of the pole the angle of eleyation of ita top is 
19° 28' ? 

8. A rope is stretched taut from the top of a huiidiug to the 
groimil, and is found to make an angle of 58° 58' with the horizontal, 
H the building is 61 feet high how long is the rope ? 
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9, It a tree 74.3 feet Mgli casts i siiodim 4i 6 feet Imq i.ow 
many degrees above tie horizon is the sun ' 

10. A man walking on level ground fiiidi "t i certiin pcint, tilt 
tlie angle of elevation of the top of ato^iei u 30' He walis directly 
toward the tower for a distance of 300 feet and then finds the an,le 
of elevation of the top to be 60°. What is thp height of the tower 

11. At a point, A, south of a tower the angle of elevation of tiie 
top of the tower is 60°. At another point 300 feet east of A the angle 
of elevation is 30°. What is the height of the tower ? 

12. The angles of a right triangle are 42° and 48° ; the hypotenuse 
is 200 feet. What is the length of the perpendicular from the right 
angle to the hypotenuse ? 

13. The height of a gable roof is 20 feet, its width 42 feet. What 
is the pitch of the roof ; that is, the angle it makes with the 
horizontal? 

14, From where I stand a tree 50 feet away has an angle of eleva- 
tion of 43° 31'. From the same point another tree, 76 feet distant, 
has an ai^le of elevation of S2° 20', Which tree is the taller and by 
how much ? 

29. Logarithms. The solution of right triangles as thus 
explained is simple in theory but may become laborious iu 
practice because of the arithm.etic computation involved. 
Fortunately we have in logarithms a device for simplifying 
auch computation. The base of a system of logarithms is, 
in general, any arbitrarily chosen number.* In practice 
two systems are used : the Briggsiau or common system of 
which the base is 10 ; and the Napierian system of which 
the base is e e= 2.718 ■■-. The logarithm of a number to a 
given base (a) is the exponent of the power to which the 
base (a) must be raised to produce the number. Thus, if 
a' ^ m, then x is the logarithm of m to the base a \ written 
X — log„ m. 

The word power is used here in its broader sense to in- 
clude fiactional and negative exponents. Defining frac- 
tional and negative exponents in such a way that the laws 
of exponents — a."a° = n'""'"'' ; {«")" = a"" — hold for nega- 
tive numbers and fractions as well as for positive integers, 

* Some uumbara, unity, for examplu, cannot be so used. 
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values of x may be found to satisfy, approximately at least, 
such an equation as a' = b, no matter what values a and & 
may have. Thus, given any number, a, by raising it to a 
suitable power, p, and extracting a suitable root, q, of the 
result, we can obtain any other number, b ; that is, -^a? = b. 

But this may be written a' = 6 or a' =^ 6, where 3; = —, the 

division of p by 9 being carried out to any desired number 
of decimal places. We then call x the logarithm of 6 to the 
base a, 

30. The Common System. Tor purposes of computation 
the common system, base 10, is used. Let us form a table 
of powers of 10 and express the relations in terms of 
logarithms. 

10-' = .001, or logio .001 = - 3. 

10~= = .01, log.o.Ol =-2. 

10-' = .1, logio-l =-1. 

100 =1^ log,^l ^0. 

10' =10, logiolO =1. 

Iff =100, logiolOO =2. 

Iff =1000, logio 1000 = 3,* 

etc. etc. 

This table could be extended indefinitely in either direo 
tion. If we examine the table we notice that to produce a 
number between 1 and 10 we must raise the base 10 to a 
positive power between and 1 ; to produce a number be- 
tween 10 and 100, the exponent of the base must lie between 
1 and 2 ; for a number between 100 and 1000, the exponent 
must lie between 2 and 3, and so on. In other words, the 
logarithm of a number between 1 and 10 lies between and 
1, and is, therefore, a fraction, always expressed as a deci- 
mal. The logarithm of a number between 10 and 100 lies 
between 1 and 2, or is 1 plus a decimal. The logarithm of 

* Hereafter in thig work we shall not write the base 10, Thns logT 
msans logio^- In general, however, except in works on trigonometry, if 
nu base is written, e = 2.TI8 — is undersfood. 
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a number between 100 and 1000 is 2 plus a decimal. The 
logarithm of a number is thus seen to consist, in general, 
of two parts, an integral part and a decimal part. The 
integral part is called the characteristic of the logarithm ; the 
decimal part is called the mantissa. The results of our 
observations may be summarized thus : 

NOMBIS BBTWB«S OoSTi.Kl ^^ LOOlllTHM 

1 and 10 1 integral digit 

10 and 100 2 integral digits 1 

100 and 1000 3 integral digits 2 



Whence we formulate the law : Tlie characteristic of tk» 
logarithm of a number is one less tluin the number of digits 
in the integral part of the number. 

On the other hand, we observe from the table of this 
article that if a number contain no integral digits, that is, 
if it be purely decimal, its logarithm is negative. The 
characteristic in this case can be got by counting the num- 
ber of zeros before the first significant figure, prefixing the 
minus sign. It is usual, and better, however, except for 
special purposes, not to write the characteristic of the loga- 
rithm of a decimal number in the form just stated, for 
reasons which will now be pointed out. 

31. The Mantisss. In the common system the mantissa 
of the logarithm of a number can be made to depend only 
upon the sequence of digits in the number, and be inde- 
pendent of the position of the decimal point. Let us 
assume that we know the logarithm of 1.2S6 to be 0.1089. 
It follows, multiplying successively by ten, that 

1(f.im = i_285, or log 1.285 = 0.1089. 

lO'-MM = 12.85, log 12.85 =1.1089. 

10*"«» = 128.5, log 128.5 =2.1089. 

10^i«*=:1285, log 1285 =3.1089. 

10"osa = 12850, log 12850 = 4.1089. 
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which verifies the law we have stated. If, however, we 

divide 10"-'^ successively by 10 we find 

l(f.im-i ^ io-»8™ = .1285, or log .1285 = - 0.8911. 

10-1.8911 ^ .01285, log .01285 ^ - 1.8911. 

IQ-iMi ^ .001286, log .001285= - 2.8911. 

This ia the true form of the logarithm of a purely 
decimal number, and for certain purposes this is the form 
which must be used.* 

It ia obvious from the preceding discussion that the 
mantissa corresponding to a given sequence of digits re- 
mains the same as long as the sequence contains one or 
more integral digits, but that as soon as the sequence ia a 
purely decimal number the mantissa changes. To obviate 
this difficulty and to keep the mantissa the same for a given 
sequence of digits regardless of the position of the decimal 
point, we note that the number — 0.8911 may be written, 
without change of value, in the form 9.1089 — 10, We 
have added 10 and subtracted 10, and have therefore left 
the value unchanged. We may then say 

log .1285 = - 0.8911 = 9.1089 - 10, 

and if we agree to use the latter form| we see that the 
mantissa of the logarithm of .1285 (that is, 1089) is the 
same as the mantissa of the logarithm of the sequence 1285 
when it contains integral digits. We may now write 

log 1.285 =0.1089 log. 1285 =9.1089-10 

log 12.85 = 1.1089 log .01285 = 8.1089 - 10 



and make the statement; In the common system the manUssa 
of a logarithm is unique for a given sequence of digits. The 

* For example, ic dividing one logarithm by another. 

t Tbis form, 9.1089 — 10, is perfectly convenient as long as tlia opera- 
tions to be performed are addition and subtractjoo, nbich are tbe usual 
operations in dealing with logaritbms. 
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characteristic is one lesa than the number of intpgral digits. 
If a number be purely decimal, count the decimal point and 
the zeros before the first significant figure. The reeuU sub- 
tracted from 10 minus 10 will be the characteristic. 

32. Four Computation Theorems. The use of logarithms 
in com.putatioii depends upon the four following theorems : 

I. In any system the logarithm of a product is equal to the 
sum of tlie logarithms of its factors. 

To prove, log„ mn ••■ s = log„ m + log„ n + — + log„ s. 

Let log. m = x then a' = m 



"Whence a' ■ a" ■•• a' = (i'*"+ "• +' = mn ••• s, 
or, by the definition of a logarithm, 

log^mwi •■•s = x + y+ — -\-s. 
That is, log„ mn ••■ s = log^ m + log^ n + — + log^ 5. 

Tills theorem replaces the operation of multiplication by 
the simpler operation of addition. 

II. In any system the logarithm of a quotient is equal to 
the logarithm of the dividend minus the logarithm of the 
divisor. 

To prove, log„ — = log„ m — log^'n. 

Let log„ m = x then a' = m 
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or, by the definition of a logaritlun, 



This theoiLin replaces the opentiou f division by the 
simpler oporition f sultr ction 

III. In any system the loqat ithm ut a po ver of a number 
is equal to the erjoieni oftliPpoi er time tlie logarithm of the 
number. 

To prove, log„ m" = u log^ to. 

Let log^ m = a; or a' = m. 

Whence (a')" = a"' = m", 

or, by the definition of a logarithm, 



This theorem replaces the operation of involution, or 
successive multiplications, by the simpler operation of a 
single multiplication. 

IV. In any system tJie logarithm, of a root of a number is 

equal to the quotient of the logarithm of the number by the 

index of the root. 

m I "/rr log.m 

To prove log„ vwt = "" ■ • 

Let log„ m = a; or a" = 70. 

Whence ^a" = a" = Vm, 

or, by the definition of a logarithm, 

log,Vm=-- 
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Thatia log„V^ = ^:2gs«i. 

This theorem replaces the operation of evolution, or 
extraction of roots, by tlie simpler operation of division. 

Another theorem, importajit in the theory of logarithms, 
but of which no application is made in the atudy of 
trigonometry ia the following : 

logja 
Proof : Let log^ m ^ x then b' = m 



' " y log^a 

By means of this theorem the logarithm of a number to 
;uiy base can be found it the logarithms of numbers to some 
one baae are known. Thus, assuming that logarithms to 
the base 10 are known. 



log 71.24 = )!^£-Ih^ = l^£>o71:24 ^ 1,8527 ^ ^_2659. 
logwe logio 2.718 0.4343 

Ah a corollary of the above theorem we have, putting 



log„ a 

33. Special Properties of Logarithms. In addition to the 
preceding theorems we may note the following properties 
of logarithms : 

1. In any system the logarithm of 1 is 0. For, by the 
definition of zero exponent, a'' = 1. Therefore, log, 1 = 0. 

2. In any system the logarithm of the base ia 1. 
For a}- — a. Therefore, log„ a — 1. 
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3. In any aystem whose base is greater than 1 the 

logarithm of ia — oo. For, a > 1, a~" = — = — ^ = 0. 

Therefore, log„0 = — oo. That is, the base of the system 
being greater than unity, the logarithm of a number which 
becomes smaller than any assigned number however small, 
ia negative and numerically greater than any assigned 
number however great. 

i. The cologarithm of a number is the logarithm of the 
reciprocal of the number. 

Thus, the base being 10, 



colog w = — log n, 
which may be written, 

colog n=(10- 10)- log n. 

Therefore, to find the cologarithm of a number to the 
base 10 subtract the logarithm of the number from 10 ~ 10. 
It may be noted that 

log — = log m ■ - = log jre + log - = log m + colog n. 

Therefore we may, instead of subtracting the logarithm of 
a number, add its cologarithm. It ia found convenient to 
do so in most cases. 

34. The following example will illustrate the use of 
logarithms in making numerical computations. 

Example. 

Find the value of 



sJ .00O56 16 X V- 424 .65 
"V (6.73)' X (.03194)5 
We note first that, with the definition of logarithms we 
have adopted, negative numbers have no logarithms. But 
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the numerical result of operations of multiplicatioji and 
division is the same no matter what the comhination of 
algebraic signs. "We therefore iind the numerical value of 
any expression, treating all numbers as positive, and deter- 
mine the algebraic sign of the result by considerii^ the 
operations indicated. Thus, in the above example the 
factors are all positive except V— 424.65. Therefore, the 
number of which we are to extract the cube root is negative 
and the final result will be negative. 

log .0005616 = 6.7494 - 10 
^ log 424.65 = 0.3754 
4 colog 6.73 = 6.6880 - 10 
I colog .03194 ^ 1.2464 

3 )5.0592 - 10 
log it' =8.3531 -10 
2r= .02265. 
Therefore 

3/.OOO56I6 X V- 424.65 _ „„„-- 



\ (6.73)' X (.03194)4 

Note. The colog 6.73 = 9.1720 - 10, which being mul- 
tiplied by four gives 36.6880 ~ 40 ; subtracting and add- 
ing 30 this becomes 6.6880 — 10, the desired form of "a 
number minus 10." Similarly to divide 6.0592 - 10 by 
three we first add and subtract 20. Also, in finding five 
sixths of the cologarithm of .03194, we first multiply by 6 
and then divide by 6, in order that any erroi arising from 
inexact division by 6 may not he increased 5-foid. 

35. We may now return to the problems of Art. 28 and 
solve them hy the use of logarithms. 

Example 1. Given -4 = 32=16', (1 = 124, 6'= 90°, Rni 
B, b, and c. 
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Therefore 

log b = log a + log cot A, log c = log a — log sin A. 

log ft =2.0934 log a =12.0934-10 

log cot A = 0.1997 lo g sin A = 9.7274 - 10 

log d= 2.2931 logc= 2.3660 

6 = 196.4, c = 232.3. 

Example 2. Given a = 50, & = 60, C = 90". 
As before, 

tan A=-, therefore log tan A = log a — log b. 
h 

log a = 11.6990 -10 
Iog&= L 7782 



log tan ^= 9.9208-10 
^ = 39° 48'. 



log » = 11.6990 -10 
log s in ^= 9. 8 063-10 
logc= 1.8927 
c = 78.1. 

It must be emphasized that results obtained by logarith- 
mic computation are approximate. The value ot the logar 
rithm of a number cannot, in general, be found exactly, but 
only approximately to four, five, or any desired number of 
decimal places. 77te results of numerical computation by 
means of logarithms are not, in any case, correct beyond the 
nuihber of decimal places in tlie logarithms used to make the 
computation. In the aame way, the values of the trigono- 
metric functions being, in general, not exact but approxi- 
mate to four, five, or more decimal places, the solutions of 
triangles got by their use, with or without logarithms, are 
approximate solutions only, to the degree of accuracy of the 
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Indeed, in all but the aimpleat problBms in applied 
mathematics the results are necessarily approximate, the 
data of a problem being themselves approximate. It is use- 
less to try to make results " more accurate " by using tables 
of logarithms or other functions carried to seven places 
when the data are correct only to, say, three figures. In 
general if data are given to three figures, three-place tables 
should be used ; if to seven figures, seven-place tables, etc. 
On the other hand, no matter to how many figures the data 
maybe given, if we are using, say, four-place tables, the data 
should be used and results found to four figures only. To 
illustrate these points the following simple example will be 
worked in four ways: 1. by actual multiplication; 2. by 
using four-place tables ; 3. by using five-place tables ; 4. by 
using seven-place tables. 

Example, Pind the value of 

123045 X 200368. 

1. By actual multiplication the result is 24,654,280,560. 

2. log 123045 

123 1 = 5.0899 



200 1 4 = 5-3019 
log product = 10.3918 

product = 24,650,000,000 
which agrees with the first result to four figures. 

3. log 1230 1 45=: 5.09007 

log 2003 I 68= 5 .30183 
log product = 10739190 

product = 24,655,000,000 

which does not agree with the first result to the fifth figure. 
It will be noted that there was an accumulation of errors all 
in one direction. Result 3 is neajer to result 1, however, 
than is result 2, 
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4. Iogl2304|5= 5.0900640 

log 20Q36 I 8 = 5.3018284 
log product = 10.3918924 
product = 24,654,280,000 
which agrees with the first result to seven figures. 

EXAMPLES 

What is the value of 
X. 10IPK7J1S. 2. loglO^-ew*. 

3. Given log2 = 0.3010, logs = 0.4771, find log 12. 

4. Prove 10'<'K"+i= 10 a. 

5. Islogl4 = log2.1og7? Whyp 

6. 18^1 = ^? Why? 

rind the value of 

g li^.OOSflS g logTT.BS 

■ log .06812' ' log .00684' 

Find the value of a in the following equations : 

10. logioK-a. 12. log.a = 2. 

11. logioa; = i. 13. Iog,ii; = f. 

14. logio X . log, X = logio X". 

15. a logio x — b logio x = <fi — b'. 

16. log, a^ — log, x' = 5. 

17. i logio xif- logio i> = 4. 

Bipress as the logarithm of a fraction : 

18. log (12 - (f )5 - log (x^ - o') - log (X + a). 

19. log Vi6' + a» - log v'x' +a^ + log (x^ -f o')^. 
Solve the equations ; 

20. (« + e-= = 2. 21. e^ - e-' = 0. 



22. e=c-'i - 2 e^-i 4- 1 - 0. 23. e'"-i 


> + 2 e^-' + 1 = 


2i. Given 10- = 400, prove that a = 2 + iogi, 


ai- 


85- Solve the equation 




»i=e-"-6V = 0. 


(Assume a > 6) 
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Find the value of a^e""' — h''e~'"' : 

26. Wl»n>, = !3E|5|S». (a>5) 

8T. Whimu=?fl?S^5M. (.>6) 

Compute the values of the following ; 

28. log,l. 29. log.3. 30, log.S. 31. log, 

By mefina of logMithms compute the values of : 

32. -S'.oiase'. S3. V1.1193. 34. ■C^Tomor". 

35, (Se-S^)^ . 36. -4|5|-. 37. C- ie-S5)\ 

VlLll ' v'.02983 ' >/- .00986 

38. I^SIIM. 39. [logC.00016)]*. 40. -i^?:^. 

10.04 log.006S8 

2,85 >;\/Slll.&H , 42 (SS.3)' x -^66:3 ^ 

44. (,01)^ -45. (.0001)"^ 

(.0002635)-^ ^ 

(5362) "i 

(88)' X (999)^ ^ 

v'lOOOOOO 

EXAMPLES: SOLUXIOH OP HIGHT TBIAHGLES 
Solve the following right triangles, and find their aieas : 



43. 


- 999.9 X .002008 
V(.OOl)'. 44. 




»/486.7 X 22,01 X 11,79 




V _ 65.5 X- 66,63 


47. 


v.ooaas x .oo;i84 



1. 


B = 24" 23', 
6 = .02126. 




7. 


6 ~ .3072, 
a = ,4212. 


13. 


6 ^ 156.6, 
c = 856.4. 


2. 


B = 55" 45', 
c = 4116. . 




8. 


A = 82" 6', 
6 = .08937. 


14, 


B = 43" 46', 
a = 66650. 


s. 


B = 43" 80', 
a = 26185. 




9, 


a = .8478, 
c = 1.234, 


15. 


B = 74° 17', 
6 = .0000208* 


4. 


a = 77.38, 
c ~ 91.08. 




10, 


B = 60" 14', 
c = .007745. 


16. 


A = 29" 56', 
c = .0007814. 


6. 


B = 76° 34', 
& = 2423. 




11. 


A = 14° 58', 
a = 1353. 


17. 


6 = 8.243, 
c = 9.275. 


6. 


4 = 67° 47', 
C = .00954. 




12. 


B = 39° 22', 
a = 121,2, 


18. 


B = 38° 39', 
c = 35.73. 




19. A = 


35" 8', 
17270. 


30. 


6 = 3814, 
a. ~ 3651. 
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PROBLEMS 

31. A roiwi rises S48.9 feet in a horiaoutal distance of one lialf 
mile. Another road rises the sajne baight in a distance of 8019 feet 
along the road. Which road is the steeper and by how much ? 

23. From a ship sailing due eai9t at the rate of 7.3 miles per hour 
a lieadland bears due north at 10.35 a.m. At 12.16 f.h. the lieadlaiid 
bears 33° west of north. How far was the headland from the sliip 
in each position ? 

23. At a distance of 502.3 feet, horizontally, from the center of a 
bridge the sidewalk rises at an angle ot elevation of 5°. The roadway, 
beginning 203.5 feet farther away from the center, has an angle of 
elevation of 4° 25'. If a pedestrian ajid a team enter the bridge at 
the same moment, which will reach the center first, the man, walking 
3.4 miles per hour, or the team, going 5.6 miles per hour ? 

24. A flagpole 20 feet long stands on the comer of a building 
143.6 feet high. Find the angle subtended by the fiagpole from a 
point 100 feet distant from the foot of the bnlldii^ in a horizontal 



26. In a circle whose radius is 36.37 inches is inscribed a regular 
polygon of fifteen sides. Find the length of a side. 

37. A tree 314.8 feet h^h casts a shadow 167.4 feet long. How 
many degrees is the sun above the horizon ? What is the time of 
day if the sun rose at six o'clock and will set at six o'clock ? 

[Assume that the sun passes through the zenith. ] 

28. A gable roof is 23.4 feet high and 00.6 feet broad. By how 
much must the height be reduced to reduce the pitcli of tlie roof 40 



39. From the top of a cliff S78.fl feet above the sea, the angles of 
depression of a boat and a buoy, in line with tlie observer, are found 
to be 29° 20' and 11° 50' respectively. Is the boat or the buoy farther 
from the base of the eUfE ? How much farther ? 

30. The point B is 1240 feet due east of the point A, and tlie point 
C is 373 feet due east of B. The ai^le of elevation of B above A is 
9" IS' ; of G above B, 7° 23'. A railroad runs from A to via B. 
What is the increase in altitude from J, to ? 
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31. It, in Example 30, tlie railway could, by grading, be made to 
rua in a straight line from Ato C, what would be the angle of eleva- 
tion of the new route ? 

32. How much shorter would the railway of Example 81 be than 
the railway of Example 30 ? 

33. Taking the earth as a sphere of radius S966 miles, what is the 
length of the radius of the Arctic Circle, latitude 66° 33' N. ? 

34. Taking the earth as a sphere of radius 3956 miles, what is the 
latitude of a place which ia 2113 miles from the earth's a^is ? 

36. A vessel Bailing due south at a uniform rate observes at 
7.16 i.M. that a lighthouse bears 70" east of south. At 8.05 a.m. the 
lighthouse is 12.75 miles due east from the ship. How far from the 
ship, and in what direction, will the lighthouse be at 9.30 a.m. f 

3G. A ship Bailing due south at a uniform rate observes, at 6 a.m., 
a lighthoiise 11.25 miles away, due east. At 6.30 a.m. the lighthouse 
bears 17° 57' north of east. What will be the bearings of the hght- 
house from the ship afc 9 a.m.? How fast does the vessel sail p 

37. Taking the Earth as a sphere with diameter 7912 miles, what ia 
the distance of the farthest point on the Earth's surface visible from 
the top of a mountain 8200 feet in height ? 

38. The towns B and G lie due east from the town A, B being half- 
way from A to C, which are 5 miles apart. The towns B, C, and D 
are equally distant from each other. How far is D from A and in 
what direction ? 

39. A ray of light from a source A, porpfindicularly above the edge 
of a horizontal mirror, strikes the mirror, which is 102 mm. broad, at a 
point two thirds of the way from that edge. The ray is then reflected 
to £ at a peipeudicuiar distance 25.7 mm. above the other edge of the 
mirror. Find the length of the path of the ray from A to if. 

40. From a window of a house, on a level with the bottom of a 
spire, the ai^le of elevation of the top of the spire was 41°. From 
another window, 20.5 feet directly above the former, the like angle 
was S7''31'. What was the height of the spire ? 

41. Having at a certain (unknown) distance measured the ai^le of 
elevation of a cliff, a surveyor walked 60 yards on a level toward the 
cliff. The angl f 1 at n from this second station wts the com- 
plement of 1 f m gl The surveyor then walked 20 yards 
nearer the 1 ff tl m line md found the angle of elevition 
from the th 1 t t t b double the first angle How high was 
the cliff ? 
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CHAPTER IV 
FUNDAMENTAL IDENTITIES 

36. In this chaptec we shall discuss some of the impoiv 
tant relations of analytical trigonometry. The number of 
such relations is, of course, unlimited, laut there are a few, 
of frequent occurrence aud of fundamental importance, 
upon which the others depend ; it is this fundamental group 
with which we sliall now deal. Let us first observe how 
the need for some of the relations may arise. We have 
seen (Art. 27) that as the angle increases from 0° the sine 
of the angle also increases. But does the sine increase at 
the same rate as the angle, so that, for instance, if the 
angle be made twice as large the sine also becomes twice 
as large ? This is obviously not so, for, as we have seen, 
the sine of 60° is 3iot twice the sine of 30°. What then 
are the relations, if there be any such, by which we may 
find the functions of twice an angle when the functions of 
the angle are given ? or again, is there any relation con- 
necting the functions of the sum of two angles with the 
functions of the angles separately ? Such questions as 
these we shall now proceed to answer, 

37. The Addition Formula. Let x and y be two acute 
angles, whose sum may be an angle either in the first 
quadrant or in the second. Construct, Fig. 18, the angle 
XOP equal to x and add to it the angle POQ equal to y. 
Then the angle XOQ is equal to x -i- y. I'rom any point, 
A, in the terminal side of the combined angle x + y draw 
AB perpendicular to the axis of x which is the initial side 
of the angle x. Then OB, BA, and OA are respectively 
the abscissa, ordinate, and distance of the point A and wo 

45 
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may write any function of the angle x + y. But as wo 
wish to expreaa the functions oix + y in terma of the func- 
tions of X and y, we proceed to draw lines which will give 
us those functions. Thus, from A draw AO perpendicular 
to the terminal aide of the angle x, and from G draw CD 
perpendicular to the axis of x and CE perpendicular to AB. 




\ 


'\\ 


^ 


/ 




\ 


^ 













Then since AE is perpendicular to OX and AC to OP, the 
angle MAC is equal to the angle x, each of the angles being 
acute. We now have 



sin (^ + 7/)=^ 



BA_BE + EA_ 



But these last two ratios are not functions of any of the 
angles in the fi^re. To obtain a function of a; or y we 
must use with DG either OD or OG, and with OA either 

OG or GA. Therefore we shall multiply and divide — — 

by the common line OC. Similarly with EA and OA we 
use CA. Thus we may write 

. , , . DG OC , EA GA 
sin (u; + y) = sin x cos 2/ -(- cos x sin y. 
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In the same way 
CCS (ic + y) 



OB_ 0D-BD _OD EC 
OA OA OA OA 



=911 9^-^ ^* 

00 ' OA AG ' OA' 



38. The Addition FormulEe (continued). Again let x and y 
be two aeute angles where x may be either greater or less 




than y. Constniet, Fig. 19, the angle XOP equal to a; and 
from it subtract the angle QOP equal to y. Then the angle 
XOQ is equal to a; — y. Prom A, any point in the termi- 
nal side of the combined angle, draw AB perpendicular to 
the axis of x which is the initial side of th'e angle x. Then 
OB, BA, and OA are, respectively, the abscissa, ordinate 
and distance of A. From A draw AC perpendicular to the 
terminal side of the angle >a;, and from C draw CD perpen- 
dicular to the axis of x and C^ perpendicular to BA pro- 



* Note Wlat ii 
therefore AO mu. 



e AG is the pbSitiTi 
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duced. Then since AE is perpendicular to OX and AC to 
OP, the angle EAG is equa.1 to the angle x, each being 
acute. We now have as in Art. 37, 



Also 

cos (i 



^DO OC_AM AC 
OC ' OA AO ' OA' 

sin (x — y)=s\nx cos y — coa « sin y. 

OB OD + DB OD , QE 



^OD qc.CE^ CA 
OC ' OA CA ' OA' 

cos (x — y) = cos a cos y + sin x sin y. 

We have thus proved the formulffi 

aiii {x ±y) = Gin jr cob j/ ± cos j: sin y, 
COB {x±!i) = cos j; cos 1/ T sin x sin y, 



(10) 



for values of x and ?/ less than 90°. It now remains to be 
proved that these relations are true for all values of x and 
y. This may be done by a geometric conatriietion as in the 
cases given, but the following method is preferable. 

40. Let a; be an angle in the second quadrant and y an 
angle in the third CLuadrant. Then we may put x — 90° + a 
and y = 180° + b, where a and & are acute. We may now 

write _^_^_ 

cos {x + y) = cos (90° + a + 180° + b) 

= cos {270° + a + b) 

= 3in(a + &). (Art, 19) 

= sin a cos 6 + cos a sin 6. (Art, 39) 

But a = - 90° + a; and h = - 180° + y- 
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Therefore 
cos(a; + !/)=siii(-90''4-»)cos{-180°-|-y)+cos(-90°+fl!) 
sin (-180° + !/) 

= {— C0SiB){— eos?/) + (9iiia;)(— siny) (Art. 19) 
or 

cos (x + y)= cos xeoay — siax sm y 

which is the same as the relation of Art. 39. 

Agaic, let a; be an angle in the first quadrant and y an 
angle in the third. We may put y = 180° + b, where b is 
acute, and write 



(x-y)=am{x~lSO° + b) 






= sin{~180° + ^^^) 






= - sill (X - b) 




(Art. 19) 


= — sin a; cos ;> + cos x sin b. 




(Art. 39) 


3;]t b = - 180° + y, and therefore, 






(a;^y)^^sin^co3(-180° + y)+cc 


,sa,sin 


(-180°+y) 


= - sina;(— cos)/)+cosa;(- s 


:iny) 


(Art. 19) 


= sin a: cos y — cosx sin y. 







Thus it may be proved that the equations of Art. 39 are 
true for all values of x and y. 

The importance of these four relations, (10) of Art. 39, 
can hardly be over-emphasized. From them, together with 
those given in Art. 12, may be derived all other trigono- 
metric identities. The method of so doing is shown in the 
following articles, and is illustrated by the following 
examples : 

Example 1. Prove the relation 
sin (45- + a) cos (45° -b)+ cos (4i'j° + a) sin (45° - 6) 
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This is simply a case of the first formula of (10) where 

x = i5°+a, y = 45° - 6. 
We may write 

Bin (45° + a) cos (45° — b)+ cos (45° + a) sin (45° — b) 

= sin (45° + a + Is^"^^) = sin (90° +a-b)^coa{a~ b), 

EXAMPLES 
ProvE that 

1. sin 105^ + 008 106" = cos 45= 

2. cos (45" - X) cos (45" + x)- sin (45° - x) sin (45° + a) = a 

4. cos (30° -45°) -cos (30" + 46-)= sin 46". 
6. Givensina; = |, oos!/ = |, findsin(a; + y). 

6. Given cos a; = J, cos j/ = i, find cos (x ~ y). 
Given tan a = 2, tan ;/ = 3, find 

7. sin(s + !/). 8. cos(iE+!,). 9.i^h-v(x-y). iacos(s^j/), 

41. Tangent ot a Sum. To derive an expression for the 
tangent of the sum or difference of two angles we proceed 



g follows : 



_^ sin (a; ± y) 

cos {x ± y) 
_ sin a; cos y ± cos a; sin y 

cos X cos 3/ + sin a; sin y 



X cos y cos X cos y 



oilar manner may be proved 



(«> 



(12) 
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Pro 


ve that 


1. 


tan(4o= + .) ;+;-^. 


2. 


tan (45° + x) tan (135" + z)+ 1 = 0. 


3. 


taD(46° + a!)ti«i(45=-x)=l. 


4. 


Given tan o = 2, tan 6 = 4, find tan (a + b) 


5. 


Given sin tt = i, cos (i = ^, find tan (a - 6). 


6. 


Given sec a = 3, C30 b=i, find tan (a + 6). 


7. 


Given tan a =|, tan 6 = ^, find « + 6. 


8. 


Given sin a = 1, cos (j = ^, find tan (8 -f 6) 


9. 


Given ain a - i, sin 6 = ^, find a + b. 



Prove tke following identities. 




12. Functions of the Double Angle. The equations of 
Arts. 39 and 41 being true for all values of x and y, let us 
assume tiat y = x. Substituting x for y in the functions of 
the sum of two angles we obtain 



Binlij: 



1 — tan=x 

_ cot'a;-l _ 
2 cot so 



(IS) 
(14) 
(16) 

(16) 



43. The student should elea.rly understand that the equa^ 
tions of Art. 42 give the values of functions of twice an 
angle in terms of functions of the angle, no matter what 
the value or form of the angle may be. Por example, the 
following relations are all true, being merely the equations 
of Art. 42 changed slightly in form. 
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2 tail I 
a(2« + ^) = 



(-!)■ 



44. Functions of the HaH-angle. Wo may write tlie two 
proved relations 

sin^ X + Gos^ x = l and cos 2 j: = cos^ 3! — sin^ x 
in the form cos= |+ sin^ | = 1. 

cos^ - — sin^ - = COB It 

Subtracting and adding these, we have 

2 sin' ^=l — cosx. 

(17) 



Dividing the last two equations one by the other we 
obtain 

, ., -ir 1 — COS jr 

2 l+c.„ ^^^^ 

Thus we have equations which give the sine, cosine, tangent, 
and cotangent of one half an angle in terms of the cosine of 
that angle. 
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EXAMPLES 



)a2e. 



Prove tlie following identities. 

7. 0O8*»-sln*a; = cos2j;. 

8. (sina; + cosa;)' = l-t-siii2 

9. taiia: = . ^'"^^ ■ 



10, sins- 



-! 



15. tail (45" + 1) + tan (45- -ic)= 2 sec 2 a;, 

45. Sum of Siaes or Cosines. By addition and subtraction 
of the two equations 

sin {x + 1/)= sin xmsy + coa x sin y, 
sin (x — ^) = sin a; cos y — cos a: sin y, 
we obtain 

sin (91 + ;/) + sin (iw — y) = 2 sin a; coa y, 
sin (x + y)— sin (k - i/) = 2 cos ar ain y. 

Tf now we let a; + 1/ = a, a; - y = ;S, so tliat x = ^a + ^) 
and J/ = ^{k — /3), we obtain from the last two identities 

sin a + Bin p = 3 sin 2 (a + p) cos ^ (a — P), 
aina-Binp = 2cosi{a+p)sini(a-p). 

Proceeding in the same way with the equations 
cos (x ±y)= cos X cos y T sin k sin y, 
we obtain two more equations of importance 

COB a + cos p = 2 COB I (a + P) cos | (a - p), 
cosa-cosp=T-2ain^(a + p)siii|(a — P). 
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EXASIPLES 

Express eacli of tlie following as tJie aigetiraic : 



n(30°-l-!c)ain(30°-!c). 



Prove the following identities. 

7. cos (30^ -a) QOs(6Qf-x) = i(2sm2x+VS). 

8. co933;sin2ie-Gos4iC8ina: = co32a;8iiiit. 

46. Identities and Equations. It should be borne in mind 
that all of the equationa of this chapter are identities, that 
is, they are true no matter what values the angles may 
have. We shall deal later on, in Chapter VII, with trigo- 
nometric equations of condition, where we shall find that 
not every value but only particular values of the angles 
involved will satisfy the equations. Also, in connection 
with this chapter attention should be again called to the 
group of fundamental identities in Art. 12. 

ILLUSTRATIVE EXABIPLES 

le 1. Prove that sec 2x = l + tan x tan 2 x. 



cos 2 a: cos^a; — sin^a; 1 — tan'a; 1 — tan^ 

_ 1 + ta,n' X _-i_f_ 2 tan' a : 
1 — tan' X ' 1 — tan' x 



Stan IE 



: 1 ~(- tan X tan 2 x. 



By the above method we begin with sec 2 x and deduce 
or derive the required result. Another method of pro- 
cedure is as follows : 
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Assume that 



1 1 + tan a; tan 2 


.^ 2taa=:« 


' l-taji=aj 


1 + tan= « 


1- tans a; 


cob' X 4- sin^ x 



Therefore, the original assumption ia oorreet. 



B 2. Prove that cse 2 a; = ^ si 
First method, 

CSC 2 K = - 



_ see X CSC x 



2 sin a; COS a; 2 

Second method. Take the reciprocals of both 
sin 2 a; = 2 sin x cos x. 



EXAMPLES 

Without tie Uise ot tables And tlie following : 

t. Tangent of 15°, 



1. Sine and cosine of 15°, 

2. Sine and cosine of 22° S 

5. Find the value of sin 3 ; 

6. Find the value of cos 3 

7. Find the value of tan 3 

8. Find the value of tan 4 

9. Find the value of siu 4 i 

10. Pind the value of cos 4 

11. Given sin 4 a; = a, cos 4 

12. Glventan3a; = a, Und 



4. Tangent of 22° 301 
n terms of sin x. 
n terms of cos x. 
in terms of tan x. 

n terms of functions of x. 
in terms of functions of x. 
= 6, iindsin8xaudco3 8a!, 
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Prove the following iclentitiss. 

13. tin(90° + a; + j/) =coa» ocas' -aiii» sin 1). 

14. ain|cos| + cos|sin| = smUa + &)- 

15. C086a = l-2sin'3a. 

,„ sin J a + sin 2 g _ 3 - tan' a 



1 ^ s^ 
1 + C032 e ~ tatf 



19. cos5xcos2ii;= J(iX)37E + oos3a;). 

20. seo^ij; esc' a; =; sec' as + gsc^x. 

21 ^^^3"^ + ^^"^^ — 2 cos s 
sin as 

22. co3lii;sin3;=Ksia5»-Bin3iE). 

23. si"^» + 2sin3a.-t-sm2^ ^^^^^;g_ 



28. cos(2^-;/)-ooa(2 _z_ij^,^^ 

29. tan2-+2cotiEtan- = l. 

2 2 

30. tan= - - 2 CSC a tan I + 1 = 0. 

31. cos 2 a; 



1 + tan's 



nj* 
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x(l +tati«) + cosa;(l + cot3^) = 
E-cot2ir= seo2a. 



42. Given r* = it* si 
Prove . „„„ 



43, Giveiir = o 



44. GivearH!a(l-eos9), 
Prove r COB fl + a sin' » 

a^neaoae— rsinfl 
Prove the following identities. 



, ain^ X cos' y — coa^ J^ 

cos' X cos^ J/ — sin' x sin' )/ 
, sin' a— gosia _ 



= tan (!! + !,) tan (a- J,). 
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50. (aoc2 e + 1) Vase's- I = taii2A 



■ 


cose-sinfl cosfl + slnfl 


52. 


tan 2 fl — sec e sin = tan fl see 2 fl. 


53. 


l-co3iE4-coa?/-cosC!E + !^) tanjas 


l-l-M3i-coB!/-cos(iC + j,) tanii,' 


54. 


Given 3 = - 3 cos^ fl sin 9 1 Prove that 




y- SsinSflcosflf aVai^ + !/* = 8siii2 A 


55. 


Giveni=«cosfl-rsinfl, ^ 2sin2e 
!/_(i8uifl + rco8fl, ^2 cos 20' 




rS = 2co82e, Prove, x^ + y^ = 2seai 
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CHAPTER V 

THE CIRCULAR OR RADIAN MEASURE OF AH iWGI.E. 
INVERSE TRIGONOMETRIC FUNCTIONS 

47. Circular or Radian Measure of an Angle. Au> con- 
venient unit may be choaen for the measurement of angles. 
We have hitherto used the degree, subdivided into minutes 
and seconds, as the uiiit,* but we shall now mtrodiiee 
another unit called the radian, the unit angle in the circula-- 
measure of angles. 

The radian is an angle at the centre of a circle whose Siil 
tending arc is equal to the radius of the circle. 




Fiu. 20. 



It is obvious that the radian is a constant angle, is the 
same in all circles, since the ratio of the circumference of a 
circle to its radius is constant. 

In Fig. 20 let the angle AOB be a radian, that is, let the 
are AB be equal to OA, the radius of the circle. Also let 
the angle AOG be an angle to be measured in radians. To 
measure a quantity is to find its ratio to another quantity 
of the same kind chosen as the unit. Therefore, 
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E t -^OC _ arc-^C _ arc AG _ 

AOB arc ^B radius OA 

Therefore, to measure an angle in circular measure, or in 
other words to express the angle in radians, ^nd ffte ratio 
of the arc subtending the angle in any circle to the radius of 
the circle. 

If we represent the angle, measured in radians, by x, the 
length of the are auhtending the angle by s, and the radius 

of the circle by r, we have the relation x = -. This is an 

algebraic equation involving tiree quantities. If any tjwo 
of the quantities are known the third can be found. Thus 



Example 1. What is the radius of a circle in which aii 
arc of 12 inches subtends an angle of 1^ radians? 



Esample 2. If the radius of a circle is 15 feet what 
length of arc subtends an angle of two-thirds of a radian ? 
s = IB X 1= 10 feet. 

We know that the ratio of a semicircumference to its 

radius is w = 3,1416. It follows, therefore, that the angle 

which is sometimes called a straight angle, and which 

is expressed as 180°, may also be expressed as n- radians. 

Thus, ,. .0,10 

' w ramana = 180 

1 radian = '^^ = 57.296°, approximately. 

Also 180° = TT radians 
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By means of these two relations we can readily reduce a 
given angle from either system of measurement to the 
other. 



Example 1. 


Express the angle 


! 7 radians * in degret 


W = 


-- 180°. Therefore, 






1 = 


JSO\ y _ ^ ^ 180° _ 


.1^" = 401.03= 


Example 2. 


Express the angle 


3 


in degrees. 


Smce ^ = 180°, ^=| x 


:180° 


= 120°. 



Example 3. Express the angle 110° 32' 30" in circular 
measure. 110° 32' 30" = 110^° = 2|fa°. 

180°= IT, therefore, 

lo^jr_ 2653° ^ ^ 2653^ 2653 TT 
180' 24 180 24 4320 ' 

An angle in circular measure is usually expreased as a 
m.ultiple of tt. 

EXAMPLES 

Express the following angles in degrees. 
1. e.5 radians. 3, - - 5. — - 

2- -^- 4. 3.8 radians. 6- -^• 

Express the following angles in circular measure. 

7. 270°. 9. 25° 16'. 11. 208° 30'. 

8. 13° 24'. 10. -450°. 12. -98°. 
13. What is the ratio of a radian to a right ajigle ? 

• The aame radian is often omitted. An angle written ^ and read 
"pi ovei" tJiree," means " pi over tbree" radians, or about 1.06 ladiaaa. 
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How many right angles are there in each o£ tlio following angles ? 
14. ". ,15. ^. 16. — . 17. 5 radians. 

18. Through how many radians do tho minute and hour handa of 
a clock turn in 30 minutsB ? 

19. Through how many radians does the minute hand of a clock 

20. Through liow many radians does the hour hand of a clock turn 
in 18 minutes ? 

21. The front wheel of a cart is 2 t 
3 feet. Through liow many radians 
the front wheel is turning thvoi^h 600 

22. Through how many radians d 
axis in a week ? Is the result the sac 
equator ? 

23. A wheel turns 50 revolutJonB per minute. Express its angular 
velocity in radians per second. 

24. A wheel has an angular velocity of 20 radians per second. 
How many reTolutions does it make per minute ? 

25. Through how many miles will a point on tho equator of the 
earth travel as the earth turns through IJ radians ? 

26. Through how many miles will a point at 46" norlli latitude 
travel as the earth turns through one radian ? 

27. The radius of a graduated quadrant is 3 feet, and the grad- 
uations are 6' apart. What is the distance between successive 
graduations ? 

28. What must be the radius of a graduated quadrant if the dis- 
tance between graduations 6' apart is to be -^ inch ? 

48. Inverse Trigonometric Functions. Let us suppose that 
y is the sine of the angle x. We express this briefly in 
mafchematieal symbols as y^sinx. Suppose now that we 
wish to make the inverse statement that x is the angle 
whose sine is y. To express this in mathematical symbols 
we write x = sin"' y, where, it must be noted, the winus 
unity is not an exponent. Having expressed our idea in 
symbols we next note that x depends upon y for its value, 
is a function of y, and we name the function the anti-sine or 
inverse sine. Similarly a = tan"^ 6 means that a is the angle 
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whose tangent is h, and we say that a is tho anti-tangent of 
b. In this way we have a group of sis inverse trigonomet- 
I'ie functions, 

sin"' X, tan"' x, sec"' x, 

These six quantities, it must be remembered, are angles. 

49. General Value of an Angle. Identities connecting the 
various inverse trigonometric functions exist and may be 
derived or proved by methods analogous to those of Chapter 
IV. Before taking them up, however, one important dif- 



C"^. 



Pig. 21. 

ference between the direct and the inverse trigonometric 
functions must be noted. 

li y = sin x, and if we give x a particular value, say 30°, 
then y will have one and only one value, one-half. On the 
other hand, if a: = ain-' y and if we give y a particular value, 
say \, then x does not have one value only but an infinite 
number of values, 30°, 150°, 390°, - 210° etc. This being 
so it is well to get an expression that will represent all the 
angles which have a given value of the sine, cosine, etc. 

Let aina; = ±a, a being a positive number, or a; = 
sin~'(± <C) and let a be the smallest angle* which has for 

• That is, a if we use positive angles only ; a' if negative angles also 
aje used. Either metliod may be adopted. 



Ho-odt, Cookie 



PLANE TRIGONOMETRY 



its sine the value ± a. By Fi^. 21 -we see that the possible 
values of x are 



which may be written in the general form 
;r= Bin-ia= mr +(— l)'a 



(21) 



■where n is any positive or negative integer, including zero, 

aud a is the least angle whose sine is a. This is called the 

general value of the angle and « is called the prinoipal value. 

Since the cosecant ia the reciprocal of the sine wo may 

^^^^^ X = C8C-' a = mr + (- l)"a. (22) 




Let cos x = ±a or x= cos"'( ± a) and let a be the least 
angle whose cosine is ± a. By Fig. 22 we see that possible 
values of x are 

or, in the general form 

X = COS"' Q = 3 mr ± a (23) 

where n is any positive or negative integer, including zero, 
and « is the least angle whose cosine is a. 

Since sec x = ~ — ■ we may write for the general value, a 
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being the principal value, 

jr=sec-'fl = 2mr±a. (24) 

Let tan x = ±a or x = taQ~'(± «)i and let a be the least 
angle whose tangent is ± a. By Fig. 23 we see that pos- 




sible values of x 



— Tr-|-«, — ^TT -\- a, — Stt-I- 
ar, for the general value, 

X = tan"' a = mr + o 



(26) 



where n is any positive or negative integer, including zero, 
and a is the principal value. 

Giving n and a the same meaning we may write, since 



= cot"' (I = rnr + a- 



(26) 



One need not make use of the formulEe, 21-26, but may 
3 follows : Find the two smaileat angles, positive or 
re, which correspond to the given value of the func- 
tion. If we call these angles a and ^ then the complete 
aeries of angles will be given by 



|- a and 2 n-rr -]- p 
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Example 1. Write the general value of cos^i .9205. 
From the tables of trigonometric functions we find « =; 
23°. Therefore 

X = cos-' .9205 = 2n-n-±2S° = 2nw± ~ • 

Example 2. Write the general value of siu-i 1. We 

know a = 90° = — • Therefore 
2 

Example 3. Prove the identity 

2 sin-' a = sin"' (2 aVl - a^). 

Let sin-i a = a;, then sin a; = a. Substituting these 
values in the formula to be proved we have 

2x = sin-i (2 sin xVl - siu'^), 



sin 2 a; = 2 sin xVl — sin* a; = 2 sin a; cos x. 

Q.E. u. 
Or, we may proceed as follows ; 

We know siu 2 a; = 2 sin a; cos x, which may be written 

2x= sin-'(2 sin x cos x). 

Let sin"' a= x, sin a; = a and substitute ; 

2 sin-' a = sin"' (2 aVl - a'). q. e. J). 

Example i. Pind the principal value of tan-' i + tan-^ -i. 
We nofe that this is the sum of two angles each given by 
the value of its tangent. We therefore write, formula (11), 

tan (tan-' i + tan- i)^ tanftan^ i) + tan(tan- ^ 
^ ^ -r 3' 1 _ tan(tan-i ^) ■ tan (tan~' |> 
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EXAMPLES 




Write the general values of ttie following angles : 

1. sia-ij. 3. tan-i(-l). 5. sf,<r^(- -^Y 7. sin- 


'(-f)- 


3. oos-'O. 4. cot-jJ-. 
V3 


6, 


C..-W2. 8. cot 


-'(-V3). 


Find tlie value of 








9. sin (sin-la). 11. tai 


i(ta 


n-'y). 13. 2cos(c. 


3S-' .533). 


10. coB-'(cosx). 12. se( 


i-'O 


wc30°). 14. cot (cot 


-i 2.718). 


15. Bin-i(Ms35='). 

16. tan-i((;ot40°). 




18. Gosftaii-'l + aec- 

19. tan (sin-i 1 + cos- 


■!)■ 


17. smfdu-'Ucos-^J-^ 


1- 


20. cot/tan-' VS + ta 


-■^s)- 



21. Prove tliat x = aeo-i VI + tan^ x. 
33, Prove that taii-i y = seo-i Vl + j/^. 
Prove the following : 

23. tan-'(V2 + l)-tan--i(-V2-l)=135°. 

24. tan-i V3-tan-i[-^\ = taii-i(~3V3). 

25. tan-i § — tan-i (— 1) = tan-'2. 



^jj_i aj;+Vl - a' Vl — y' _ 
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CHAPTER VI 

THE SOLUTIOtf OF GENERAL TRIANGLES 

50. Four Cases. — As in the ease of right triangles the 
solution of any triangle means the finding of the values of 
unknown parts from the parta that are known. Of the six 
parts (three angles and three sides) there must be given 
three, one of which at least is a side, in order that the tri- 
angle may be solved. Consider any triangle, Fig. 24. 




The following cases may be enumerated : 

I. Given a side and two angles; say, a, A, B. 

II. Qveen two sides and the angle ojyposite one of them ; 
say, a, b, A. 

III. Given two sides and the included angle; say, a, b, 0. 

IV. Given the three sides; a, h, c. 

51. The Law of Sines. — Cases I and II may be solved by 
means of the following theorem. 

In any triangle the sides are proportional to the sitt^s of the 
opposite angles. That is, Fig. 25, 

a:b: c^ sin A: Bin B: sin C (27) 
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Proof : 111 the triangle BAC draw CD perpendicular to 
BA. Then 



Similarly the theorem may he proved for the other pairs 
of aides and angles. 

53. Case I. Given a side and two angles ; a, A, G. 
To find the third angle we have 
S = 180°~iA + C). 
To find B and we have 



a sin .4' a ain^' 

selecting in each case that proportion, from (27), which i 
volvea an unknown side, b or c, and three known parts. 

I"rom these two proportions we have 

log b = log a + log sin B + colog sin A 

log c = log a + log sin C + colog sin A 
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Example. G-iYen a = 412.7, A = 50° 38', C = 69' 13', And 

■^' ^' ^' B = 180= - 119° 51' = 60° 9'. 

log a = 2.6157 log a = 2.6157 

log sin B = 9.9382 log ein C = 9.9708 

colog sin J. = O.lllS colog ein A = 0.11 18 

log = 2.6983 

c = 499.2 

two sides and the angle opposite one of 





log 6 
b 


= 2.6657 
= 463.1 


53. 

them; 


Case II. 
a, b, A. 


Given tu 


We have, to find B, 






sinB b 



Whence, log sin B = log sin A + log b + oolog a 
Also, C = 180° - (^ + B). 



Then 



c ^ sin 
a sin .4 
g c = log a + log sin C + colog sin A. 



Example. Given a = 31.24, 6 = 49, A = 32° 18', find 

'^' ^' ''■ log sin 4 = 9.7278 

log & = 1.6902 

colog a = 8.5053 

log sin S = 9.9233 

B = 56° 66' 

But since B is found from the log sine it may have two 
values ; namely, 56° 56' and 180° ~ 56° 66' = 123° 4'. To 
determine ■which value is correct or -whether hoth are 
possible we recall the theorem of geometry which states that 
if the given angle is acute and the aide opposite is less than 
the other given aide, then it may be possible to construct 
two triangles from the given parts, two sides and an oppo- 
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site angle. In the above example the given angle A is acute 
and its opposite side a is less than b ; there are two solutions 
and both values of B must be used. I'lgure 26 explains the 
case graphically. 




lently thore are two values of 0, namely, 
Ci = 180" -(A+ Bi) C2 = 180° - (^ 4 



and two values of c, got as follows : 



log a = 1.4947 
g sin Ci = 0,0000 
.g gin ^ = 0.2722 

logCi = 1.7669 
ci = 58.46 



log a = 1.4947 

log sin Cj = 9.6199 

colog ain A = 0.2722 

log Cg = 1.3868 

ca = 24.37 



If the given angle be obtuse there will be only one solu- 
tion. If the given angle, A, be acute and the side a be 
greater than the side b, there will be one solution only. If 
A be acute and a be equal to the perpendicular from C to 
AB, there will be only one solution, a right triangle. In 
this case B = 90° and log sin B = 0.0000, If, A being acute, 
a be less than the perpendicular from to AB, there is no 
solution. In this ease log sin B will be greater than zero, 
which is impossible since sin B cannot be greater than unity, 

54. Case III may be solved by means of the theorem 
following ; 

In <my triangle the sum of two sides is to their difference as 
the tangent of halftJie sum of the angles oppoiite the two aides 
is to the tangent of half their difference. 
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Proof : By Art. 51 





o;i) = 


: sin ^: sin 5. 






Whence, 


by compositior 


I and division, 






o + S 


_Bin4 + 8mB 


_sbil(A + ID 


oo,i(^- 


■B) 


a^b 


sin^-sinS 

0+5 
a-b 


tan4(^-B) 


3in^(4- 


■ B) 


55. Case 
», c, A. 


in.* Gmen two sides and the included 


ang 


By Art. 


54 we have 

tan.K.B 


- C) ^ i - c 







tan ^ (B + C?) i) + c 
Tlie sides b aad c are known, and also 

^(B + C)= ^(180'' -A)= 90" -i A, 
since ,4 + B + C = 180°. 

Therefore we may write 

tan|(B~ 0=™^ ■ tan|(B + 0), 

log tan =-(B-(?)=log (&-c) + colog (6-4-c)+log tani(B+(7). 

Thus ^(B—C) is foimd, and by finding the sum and dif- 
ference of ^(B + 0) and i(B — 0) the values of B and 
are known. Finally, to determine a we have, as in Case I : 



Example, aiven b = .06239, e = .02348, A = llO'' 32' ; 
find B, G, a. 

KB + 0)= 90° - ^ vl = 90° - 55° 16' = 34° 44'. 
& + c = .08587 b-c = .03891. 



" See also Art. 61 following. 
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"Whence we liave 



We have B = 52" 10' 
Thea 



g(&-c)= 8.5900 

colog (6 + c)= 1.0661 

log tan ^(B + C)= 9.8409 

log tan i(B - C)= 9.4970 

i(£-0=17°26'. 

K-B + C)=34''44' 

C = 17° 18'. 

log b = 8.7951 
5 3111^= 9.9715 
g sin S = 0.1035 



a = .07398 

56. The Law of Cosines. Case IV may be solved by means 
of the following theorem : 

In a triangle the square of any side is equal to the sum, of 
the squares of the other two sides minus tioice the product of 
those sides by the cosine of their included angle. 




Fig. 27. 
That ie, Fig. 27, where GD is perpendicular to AB, 

aS = b^ + (^ — 2 &c coa A. 
"We have proved the geometrical theorem 
ffli = 6^ + c= - 2 c ■ AD* 
AD 



But 



coe.il = 



r AD = 



•a A. 



* Note that in the first two triangles of Fig. 37, JD, the pto]eotion of 6, 
read lelt to right and is positive ; in tha third triangle tcom right to letl 
.d is negatiTe. 
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Therefore, 


a^ = 62 _|_ ci _ 2 6c cos A. 


ObYioualy 


coal ^'+^'-"^ 




26c 


and in the sar 


Qeway 


cos^ = 


..'^^+_<^'-^' CO.C «= + ^''-<^ 



(29) 



SO that the three angles may be found. 

57. The objection to the formidEe of Art. 56 la that they 
are not adapted to logarithmic computation. To remove 
this objection we proceed as follows : From (29) we have 



26c 2 6c 

Ja^h + c)ia + h-c) 



or, by (17), Art. 44, 



sm'i^ = ii 


- + c^a + - c) 
'Abe 




Let 


o + 4 + c = 2». 




Then 


<>-i + c = 2(.-i), a + b-. 


= .2(,- 


Whence 


2.inH^ = ^'-^^;f"°', 




r 
Similarly 


si.i^=V^^-f^- 


(i 



These formula may be used for logarithmic computation. 
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58. Again, from (29), Art. 56, we have 



-r 


' 2bG 


2 So 


or, by (17), , 


(a + b + c){b + c-a) 
2 be 
Art. U, 






,^ ia + b + c){b + c-a) 




As before, 


26c 
letting a + b + c = 2s, this ' 


become 




* 2 6c 


' 


Similarly 


oo>,i^=^*i^. 





'^'-^- 



59. These formulEe also may be used for logarithmic 
computetion, but a more convenient set is obtained by 
dividing the formulfe of Art. 57 by those of Art. 58. We 
thus obtain 

tani^=V^^^r^ (32) 

a \ s(s-b) ' tan 2 ^ - \ s{s - c) 

A comparison f th e th e t i formulje (30), (31), 
(32), will show that f the mpl t lution of a triangle 
when the three dag th fi st set (30), requires 

six different loga thm th econ I t seven, the third set 
four. In addition t th 1 ght ad antage the tangent set, 
(32), gives more rat ilt th n the other two when 

the angles invol I lia]-p n t I j small or very near 

ninety degrees. 
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60. Case IV, We will now solve a triangle when the 
tliree sides are known. 

Example. G-iyen a = 10, 6 = 12, c =^ 14 ; find A, B, 0. 

Here 2 s = ffl + i + c = 36, so that we have 

s = IS, log s = 1.2553, eolog s = 8.7447 - 10. 

s-a= 8, log {s - a) = 0.9031, colog (s - a) - 9.0969 ~ 10. 
s-b= 6, log (s - 6) = 0.7782, colog {s-b) = 9.2218 - 10. 
s - c = 4, log (s - c) = 0.6021, colog (s - c) = 9.3979 - 10. 



log(s-6)_ 0.7782 




log(s-c)= 0.6021 


log(s-c)= 0.6021 




log (.-!.)= 0.9031 


colog a = 8.7447 




colog, = 8.7447 


colog (a-a)= 9.0969 




colog (s- ft) = 9.2^18 


2)19.2219 




2)19.4717 


log t3ji 1 ^ = 9.6110, 




log tan ^5 = 9.7369, 


Ia = 22^13', 




^ B = 28° 34', 


A = 44° 26', 




£=57- 8', 


log(. 


-a) 


= 0.9031 


log(s 


-6) 


= 0.7782 


colog s 


= "8.7447 


colog (s 


ziA 


= 9.3979 
2)19.8239 


log tan 


iC 


. 9.9120, 




i" 


- 39" 14', 




c 


= 78» 28'. 



Check ; ^ + .B + G = 180° 2'. 

A common method of solving Case IV is by means of an 
auxiliary quantity. 

We may write 

taii^.d=^— ^, tan^S = — ^, tan^C = — ^^ — 
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In using this method log r is first found, whence the iog- 
tangents of the three half -angles are readily obtained. 

61. Case III; Other Methods of Solution. The formulEe 

of Art. 56 may sometimes be nsed to advantage in solving 



Example (see Art. 55). Given &:= .06339, c = .02348 
A =■ 110° 32', to solve the triangle. 

"We have ra' = 6= + c' — 2 6c coa A. 

Then 

a^ = (.06239)^ + (.02348)= - 2 (.06239) (.02348) cos 110° 32'. 

log 6 = 8.7951 log c = 8.3708 



log 6= = 7.5902 log c2 = 6,7416 

&== .003893 c2^ .0005516 

+ c== .0005516 log 2 = 0.3010 

-2 60 008^=^ .001028 log b = 8.7951 

a^- .005473 log c = 8.3708 

log cos A = 9.5450 

log 2 6c cos ^ = 7.0119 
2 i.c cos ^ = - .001028 

Then log a = | log a^ = 8.8691 and a = .07398. 

To find JB and G we have the formula of Art. 51. 
The above computation can in some cases be done best 
and quickest without the use of logarithms. 

Another Method of Solution for Case III, preferred by 
many, is as follows : 

Prom Pig. 27 we see that 

DO=b sin A, AD = b cos A, DB = c- AD. 
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(A + B). To iiiid a we use a 



Applying this e 

log b = 8.7951 

log sin A = 9.9715 

log 1X7=8.7606 

log DB = 8.6567 

log tan £ = 0.1099 

3 = 52° 10' 
= 17° 18' 



aiwB 

thod to the example above we have 

log 6 = 8.7951 
log^cos A = 9.5460 



log-J.D = 8.3401 
AD = - .02188 
DB == .02348 + .02188 = .04536. 

log DC = 8.7666 
log sin fi = 9.8975 



NOTB. The fundamental importance of the law of sines and the 
law of cosines should be noted. By their use, direct or indirect, any 
triangle whatever may he solved. 

AREAS OF TRIAKGLES 
62. Eight Triangles. 
Case 1. Given the two legs a and b, Fig. 28. 




Fin. 28. 
(presenting the area of the triangle by K, it is obvious 
3 K= ab. (33) 

se II. Given the hypotenuse and an acute angle, c 
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Then a = csmA, & = c cos A 

Whence, by (33), 

2 K= c2 sin AcofiA = i^c^ sin 2 A, 
or 4i:=d8m3A. 

Case III. Given an angle and the adjacent leg, A and b. 

Then a = b tan A. 

"Whence, by (33), 

Case IV. Given the hypotenuse and a leg, c and a. 
Then &2 = c' - a^ or 6 = V(c + a)(c-a.> 

Whonee, by (33), 



63. Oblique Triangles. 

Case I. Given two sides and the included angle, a, b, O, 




In Kg. 29 the line AD is perpendicular to BC. 
It is obvious that 2K=a X Z*^. 



But sin (7 = ^^, orZ>^ = ?>sina 

Therefore, 2 K" = ob sin C. 



(34) 
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Case II. Given a side and the angles, a, A, B, O, 
By Art. 51, 

b _ sinB ^_ 7, _ a aia B ^ 

a sin A ain A 

Whence, by (34), 

sin A 

Case III. Given the three sides, a, b, a. 

The formula (34), of Case I may be written, by Art, 42, 
(^^)> 2 K= 2 ab sm-^0- cos ^C. 

Substitutmg in this the values of sin ^ and cos ^ C given 
in Arts. 57 and 58, we have 



ajf=2»i,J ('-°'('^'') .VJ 

^ ab ^ 



Solve tlie following triangles, in each cas 
of the triangle : 


e obtaining also the ar 


1. n = I419, 
B = 29' 59', 

c = iri'. 


6. c = 5141, 
A = 96" 3', 
C = 65= 46'. 


11. 


6 - .5042, 
a = .3618, 
B = 74" 43'. 


2. a -3.384, 
B = 109°. ' 


7. 6=^56.2, 
c = 63.9, 
A = 71° 33'. 


12. 


11 II II 

ill 


3. (t = S02, 
S = 427, 
a =134' 29'. 


8. 6 = 268.5, 

e = 282.9, 
(7= 75" 20'. 


13. 


6 = .2792, 
a =.2271, 
A = 65= 45'. 


4. a = 56.22, 
6 = 63.01, 
c = 70.54. 


9. 6 =: 6.362, 
^ = 76" 13', 
= 35° 17'. 


14. 


a = .01044, 
B = 146= 26'. 


6. 6 = 38.65, 
c = 48.12, 
B = 34° 33'. 


10. a = 5499, 
c = 2959, 
^ = 133= 3i'. 


16. 


a = 31.49, 
6 = 49.88, 
B = 44= 35'. 
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M. a = 6.743, 
6 = 3.025, 
c = 4.271. 



16. 


c = .0367, 


18. 


6 = 46S1, 




a = .0202, 




a = M73, 




B = 31" 7'. 




B = 3P7'. 


17. 


a = 32.16, 


19. 


6 = .*312, 




6 = 67.54, 




c = .8901, 



A = 28° 26'. A = 33° 55'. B - 83= SO*. 

PROBLEMS n( THE SOLUTION OF THIAHOLES 

22. A man owns a triangular lot en the comer of two streets 
which do not intersect at right anglea. The frontage on one street is 
300 feet, on the othor 250 feet. The back line of the lot is 360 foet 
long. If he buys land to add 276 feet to the 300-foot frontage, by bow 
muoh is his lot increased in size P 

23. A man owns a triangular lot on the comei of two streets 
which intersect at an angle of 62° The liontage on one street la 
200 feet, on the other 150 feet If the land is woith one dollar i 
square foot and the man has f 1200 with wliiuh to increase the size oS 
his lot, by how much can he lengthen Ihe 150 foot frontage ? 

24. The perimeter of a triangle is 100 feet, and the perpendicular 
from the vertex to the base AB is 30 feet. The angle A is 60°. 
Find the length of the base AB. 

25 . What is the perpendicular height of a bill which is known to rise 
12 feet for every 100 feet of length of its slope, if the angle of elevation of 
the hilltop from a point 100 yards from tlie base of the hill is 81° ? 

36. From where I stand, 50 feet from the bank of a stream, the 
angles of depression of the near and far banks of the stream are 
respectively 16° 37' and 6° 24*. How wide is the stream ? How far 
am I above the level of the stream ? 

27. A mac 5 feet 6 inches tall, standing on a bluS 40 feet high, 
measures the angles of depression of the near and far shores of a bay. 
The angles are 46° 52' and 5° 3' respectively. How wide is the bay F 

28. A man 5 feet tall, standing on the edge of a pond, finds the 
angle of elevation of the top of a tree on the other bank to be 44° 26'. 
The angle of depression of the reilectjon of the treetop is WP 47' . Find 
the height of the tree. 

The reflection of an object appears as far below the surface as the 
object is above the surface. 

29. The frontage on the beach (AB) of a quadrangular lot ABCD 
cannot be measured. The sides BC, OD, and DA are found to be 
2S6, 156 and 105 feet respectively. The angles BAO and DBC are 
32° 20' and 29° 50' respectively. Find the length of AB. 
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30. The tiaaea of a trapezoid are 48.25 and S4.7E feet. The angles 
at tbe ends of the longer base are 63° 52' and 70" 55'. I"!nd the longtlia 
of the other two sides. 

31. Two sides of a triangle are 8.53 and 7.41. The difierence 
between the angles opposite tiese sides is 18° 23'. Solve the triangle. 

32. The area of a triangle is 979 square feet. The angle A is 
66° 32' and the side 6 is 44.80 feet. Solve the triangle. 

33. Two sides of a parallelogram are 8006 and 5008, The included 
angle is 80" 5S'. Find the lengths of the diagonals. 

34. The diagonals of a quadrangular field ABCB intersect at O at 
an angle of 78° W. The lines AO, BO, GO, and DO are 27.5, 31.8, 
58.5 and 63.2 feet respectively. What is tlie area of the field ? 

35. Two sides of a triangle are 6 = 302 and c = 40.8. Find the 
angle A so that tlie triangle may have the same area as the triangle 
whose sides are 62, 51 and 30. If 6 were 80.2 and c were 40.8 could 
^ be found? Why? 

36. Two vessels start from the same point and sail, one northeast 
at the rate of 6 miles per hour, and the other east 30° south at the 
rate of 8 miles per hour. How far apart will the ships be after 2J houra P 

37. A submarine in submerging drifts back 5 feet for every 20 feet 
it sinks. After the snbmarine has sunk vertically 300 yards, at what 
angle must a torpedo be shot from a cruiser one mile away to hit the 
submarine, if the latter drifts away from the cruiser ? 

38. A post 8 feet high casts a sliadow 10 feet long. What is the 
length of a flagpole that casts a shadow 60 feet long if the pole makes 
an angle of 83° with the horizontal on the side away from the sun ? 

39. In problem 38 find the length of the flagpole if the angle made 
vrith the horizontal is 82" on the side towards the sun. 

40. Two yachts begin a race by sailing from a point A, along the 
windward leg of the course in the dh-ection northeast until they 
reach a buoy B. They then sail before the wind, east 32° south, 
until they reach a point G, 5 miles east along a straight coast from A . 
Tlie fijst yacht sails to windward 6 miles i>er hour, and before the 
wind 6.5 miles per hour ; the second 5.8 miles per hour to windward 
and 6 miles before the wind. Which yacht wins the race and by how 
much? 

41. A triangular beach lot has a fronUge on the sea of 100 yards. 
The boundary lines running from the beach make, on the inner side 
of the lot, aisles of 60° and 50° respectively with the shore line. 
How must a line be drawn from the middle point of the shore line to 
form two equal lots ? 
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42. A poiiit A, oil the souUi baiik of a river 1,6 miles liroad and 
flowing due east is to be connected by 'brii^e and road with a town S. 
3 miles back In a strMght line from 
the north bank of the riveir. It is 
found that the bridge can he built 
to a point, C, on the farther bank 
lying north 23° west from A, or to 
S lying north 41° east from A. 
The town B lies north. 12^ east from 
A. If the bridge costs » 2000 per 
mile to build and the road $ 600 
per mile, whicli route is tlio more 
economical and by how much ? 
(Sso Fig.) 

43. The distances of a point 0, on the far side of a river from two 
points A and B on the near side, are to he found but can not be directly 

In the direction OA a distance 

= ISO feet is measured, and in the direction 

3, distance BE = 250 feet. The distance 

from ^ to B is 279.5 feet, and by measurement 

it is found that BD = 315.8 feet, DM = 498.7 

feet. How far ia C from J. and B ? (See Pig.) 

44. The distance from 
a point, A, on the coast to 
° ^ a lighthouse, i, is to ho 

found.' A straight line is run from A along the 
coast, and on the line two points, B and G, are 
taken from which the lighthouse is visible. By 
measurement it is found that AB = 236.7 feet, 
BC = 216.9 feet, the angle ABL = 142° 37', the 
angl6J:Oi = 76°14'. How far is the lighthouse ^ 
fi-omJ.? (See Fig.) A c i; 

45. On the north side of a river lie two points A and B both of 
which can be seen from 0, and from no other point, on the south 
^ g side of the stream. From a point D, whose dis- 

VV ~7'\ taneafrom is 425.3 feet, .4 and Oaresighted, 

/ \ / \ It is found that tlie angle ABO = 37° 15', and 
the angle A CD = 42° i5'. I'rom another poiat 
: E, whose distaiice from C is 405.4 feet, and 
^ from which B and are visible, the angles 

CEB = 53° 16', and EGB = m" 5' are measured. The angle AGB U 
also measured and found to be 65° 11'. What is the distance from 
AtaB? (See fig.) 
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CHAPTER VII 
THE SOLUTION OF TRIGONOMETRIC EQUATIONS 

64. The trigonometric equations hitherto dealt with have 
been identical ec[uatioDS ; equations, that ia, true for any 
values of the variables involved. We shall now deal with 
trigonometric equations which are not identities, and shall 
examine the methods by which such equations are solved. 
No methods applicable to all such equations can he given, 
but methods applicable to several important classes will be 
discussed. In general it may be said that all such equa- 
tions are algebraic in form, the one difference being that 
now the unknown quantities are the trigonometric func- 
tions, sine, tangent, etc., or, occasionally, the inverse func- 
tions. Therefore, all methods applicable to the solution of 
algebraic equations are applicable to the solution of trigo- 
nometric equations. Moreover, in the case of trigonometric 
equations we have the various fundamental identities, 
treated in former chapters, which being true for all values 
of the variables involved can be used in connection with 
any equation whose solution is desired. 

65. For example, given the equation 

2 sinS X - cos= x + ^ = 

to iind the value of x. 

In form this is an algebraic, quadratic equation in two 
unknowns, sin x and cos x. To find the values of two un- 
knowns we must have two consistent and independent 
equations. But we also know that cos^ x=l — sin' x. 
Therefore, our equation may be written 
S4 
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2 sin^ a; — (1 — sin' x) = — ^ 
3 sin* x = ^, 
whence sin ic = ± ^, 

and a^ = sin-'{±-i-). 

The principal values of x are, therefore, ± ~ and t 
general values are 

or we may proceed thus : 
Given 2 sin' x — eos^ x=— ^. 

"VVe know sin* x + cos* x = l. 

Adding the two equations, 

3 sin* !C = f , etc. 

Example 2. Solve the equation 

oca 3! — VS sin p? 4- 1 = 0. 
I'or siu X substitute Vl — cos* x. 
Then 
cos a; ~ VS - Vl — cos^ x + 1 ^= 0, 

COS a; + 1 = VS ■ Vl — cos' x, 
cos' 3! + 2coS3; + l = 3-3 cos* x, 
2eos*3; + cosx — 1 ^0, 
a quadratic equation in cos x whose roots ara 

cos x=— 1 or |. 
Therefore, 

X = eoa-i(- 1)= 2nw + tt =(2 n + !>, 
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These roots, as in every case, must be tested by substitution 
in the original equation. It is found that 2)iir — ^ does not 
satisfy the equation, while the other two Taluea do. The 
loots are, therefore, 

a!=(2» + l), and 2»+|. 
Another method of solving the last equation is as follows: 
Given cos a; — VS sin «; = — 1, 

Divide by 2, 



But - = cos- and — — sin— • 

2^23 

Therefore we may write, 

cos-cosK^ sm-sinK = -- 

eos(^. + |)=-| 

Whence x+^=^ms"f^'^\^2n7r±^, 

aud 3;=(2m-l)jror2M,r+|. 

Note that the two general solutions (2 m + l)n- and 
(2 n — l)ff are identical since each represents any odd 
multiple of »-. 

66. Special Types of Equation?. This last solution is an 
example of the type of aquation 

1. acosx -\-b ein x = c, eg Va'' + 6^. 
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To solve eq^uations of this type divide by Vts^ + b\ 



Va^ + h^ 



Now ■ — ^=^= = cos « and — ^^^^^zl = sin a 



since 



eos2K + sin=«= — ■ j + 

\Va2+ W V.Va- + W 



Therefore we may write 

cos « cos a + sin « 






= 2mT ± cos"'- — — , 



Another (jyw of equation is 
2. tan (i9 = cot &6 or sin a6 = cos 66. 

Wo may put 
cot 1)6 = taiij ^— hQy, sinaS = co3(^ — aSV 

Therefore 
t'Mi a6 = tanf ^ — 66 ); cos W =<::os{j — a6\ 
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^^ a + b' ^ b±a 

Example. Given tan 3 ^ = cot 2 6, find 6. 
cot2e = taii/'|-29Y 

Therefore, tan 3 fl = tan f ^ - 2 fl\ 

3tf = W7r+f^-2A 



A third type of equation is 

i. Bin a:r + sin bx + ein ex = 0, 

cos ax + cos ftAT + cos ex = 0, 

cos ax + cos 6t + sin ex ^ 0, 

sin ax + sin bx + cos cjc = 0, 

To solve equations of this type, formul£e (19) and (20) 
ire used. 
Example. Solve the equation sin o x— sin 3 x +sin x=0. 
We may write 

sin5«-Bin33; = 2cos|(5 3:+3ic)sin|(,';a;-3a^) 



Therefore 



Whence, 



2 cos 4 X sin x -\- sin x^= 0, 
sinK(2co3 4 3! + l)=0. 



sin a; = or 2 cos 4 a; + 1 = 

a! = 8in-^0 4a!=:cos-'(-^) 

X = sin"' = mr 4 3; = cos"' (— J)= 2 n 

7±^- 



2 6 
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67. Simultaneous equations inTolving trigonometrio fuao- 
tiona can in many cases be solyed. 

Example 1. Given y = l — CQ3x, y = 1 + sin a;, find x 
and y. 

We have 1 + sin u; = 1 — cos x, 



^ = tan-i(-l)=n*+Y' 
^•^^ y^l + smx = l-cosx=l±J~. 

Example 2. Given r cosffl — -] = a, rcosj^ — |) = a, 
find r and 0. ^ "^^ ^ "^ 

We have 



■i'-i)='H'-t)- 



»=" + !• 

\Vlien )i Ib even, sec fii?r — ^ ] = + sec^, 
secfnir+:^')=+3ec^- 
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90 PLANE TBIGOKOMETRY 

When n is odd : 

""(•"-ii)-«"('-+B)=-''-S- 

Therefore, r 



' 12' 12 

68. Equations Involving Inverse Trigonometric Functions 
may, in general, be solved by tiansforining to other, ecLuiv- 
alent equations involving the direct functions. The method 
of solution is illustrated by the following examples. 

Example 1. Solve the equation 2 tan""' x = cot~^ x. 

We have cot (2 tan-' x) = cot (eof x) 

■,r [cot(tan-'^) J^^^_ 

2 cot (tan~' x) 
1_ 
That is, — ; 



Example 2. Solve the equation coa-' x + sin-' 2x=Q. 

We have . , _, , ■ , „ , „ 

sm (cos ' a; + sin ' 2 ») = 0, 

(in (cos~' x) ■ cos (sin"' 2 a^) + cos {cos~' a;) ■ sin (sin-' 2 a;) = 0. 

That is, ±Vl-«2- Vl -4i^+x-2x = 0. 

Wheuoe,(l~x^){l-i:X') = ix',5a:^= 1, 'x=±J^. 

V5 

A second method of solving example 2 is as follows : 

COS"' a; = — sin"' 2 a!, 

sin (cos-' x) ~ sin ( — sin-' 2 x), 

5 »' = 1, 
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In eveiy case the values must be checked by substitution in 
the original equation. 




Fig. 30. 



It is often convenient, in dealing with inverse functions, 
to assume the angle whose function is given and to construct 
a figure to show the values of the remaining functions. 
Thus, in example 1, we wish to find cot {tan~^ a;). Let 
tank's; = a and construct the angle a, Fig. 30, with ordinate 
equal to ± a; and abscissa equal to ± 1. The distance is 




Fig. 31. 
then Vl + '^, and all the functions are readily found. 



Thus, cot (ta,n-' x) ■■ 



Similarly, in example 2, ive wish 



to lind sin (bos~'- x) and cos (sin"' 2 x). By figure 31 we see 
assuming cos~'3; = a and sin~'2a; = 6, that sin (cos"'*) = 
± Vl-x' and cos (sin"' 2 a;) = ± Vl — 4x5f, 
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PLANE TRIGONOMETRY iVII. | 

EXAUPLES 

e the following eqiiatioiis ; 
sin 6 !r~ sin 3 3!+ siiii = 0. 
cose + QOS20 + eoeSe = 0. 



6. sin2itt=suia:. 11. siu2flcos2fl + 2Bin* = 0. 

7. coa2a = siiix. 12, sin4a;-2eiii«coa2!i; = 0, 

8. sin 3 9 = cos 0. 13. isinie= cob 2 «. 

14. coa2e = sin30~l. 

15. C08(3;- 0)6081- sill (x- a) sinie = 0. 

16. seeiii = Sc8e!E. 

17. fi„«o..-.l„(|-.)~g_.) = 0. 
IB. 27cscSoote = 88ecfltanfl. 

19. 26 sin «- 12.8 CSC' a = 0. 

20. cos3 ( _ 2 sius fl cos 9 = 0. 

Solve the following simultaneous equations for x and y, or r and B. 

21. y = l-oos2ie, 27. r = 3sintl + 2co8ff, 
V = 1 + sin 2 a^ r = 3 cos S + 2 aln S. 



2 , = sinCx + a: 

" r = aSn2V 30- ^cos(9~H) = 

V = 2asin^tana!. 3i_ ^j^sinfl, 
. s'cosx = 2a, r' = ein8fl. 

y-5aBiJix. gg^ i^sm2e=S, 
. r'sin2* = l, r = 2sece. 
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Soiye tlie following equations : 

34. sin-ia; = sin-ia4-sin-i6. 37. siii-'jt = cos-i (-«)■ 

36. sill-la; + sin-i2» = 2. 38. tan-'2a + tan-i33;=^. 



40. tan-H^+l)-col-i(^j = Un-i2. 

41. eos-^^ + ta.-i^^.2-i. 

x^ + l ic5 - 1 3 

42. taii-i5^+tan-i^- = Un-i(-2). 



Solve the followii^ equations, finding only the principal values o£ 
angles : 

43. cos5!c-cos3a: + sin* = 0. 49, y = tan2a;, 

44. 8iii4i6 + sin2a; + 2eos3; = 0. y = ':os2x. 

47. ^ = l + cos2.!, ^, .<.^„__. 
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SPHERICAL TRIGONOMETRY 

CHAPTEE VIII 
FUIIDAMEHTAL RELATIONS 

69. Spherical trigonometiy deals with the relations 
among the aides and angles of a spherical triangle ; that 
is, of a portion of the aurfaee of a sphere bounded by the 
interaecting arcs of three great circles. It deals also with 
the computation of unknown parts of such a triangle from 
parts which are known, the process being called, as in plane 
trigonometry, the solution of the triangle. The aides of a 
spherical triangle, being arcs of circles, are expressed in 
degrees, minutes, and seconds, and, as is customary, we 
shall consider only those triangles in which each part (angle 
or aide) is less than one hundred and eighty degrees. 

70. Law at Cosines. There is one theorem, the law of 
cosines, which may be called the fundamental theorem of 




spherical trigonometry, because by means of the theorem 
any spherical triangle may be solved when three of its parts 
are known. We shall proceed to prove the Law of Cosines. 
Let ABC, Fig. 32, be a spherical triangle on a sphere 
whose center ia 0, and let the aides 6 and c be lesa than 90". 
91 
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Through any point, A', on OA pass a plane perpendicular 
to OA cutting the planes OAG, OAB, and OBC, in A'C, 
A'B', and B'O', respectively. Then the angle B'A'O' is the 
measure of the diedral angle B-OA-0 and, therefore, of 
tiie spherical angle A, Also, by the construction, the angles 
OA'B' and OA'G' are right angles. In the triangle A'B'G' 

WG'"^ = BTI'^ + G^'^ - 2 B'A' ■ O'A' cos A, 
and in the triangle B'OG' 

WO'^ = W<y +(F& -2B'0 • O'Ocoso. 
Whence 
M?+C^-2S'0- COcosa 

= Wa!^ + OOP - 2 B'A' ■ C'A' cos A, 
or 

2 B'O- O'Ocosa 

=^WTf-WA'^+(T0'~C^''^ + 2B'A' ■ C'A'cosA. 
!Rut B'OA' and G'OA' are right triangles, and therefore, 

WTf - WA'^ = OaP ; 0^ - GA''' = 0A'\ 
We then have 

B'O- C'0(si3Sa=0A''^-^B'A' ■ O'A'aosA, 



--U 


■ CO 


M = „..IiO^ = cos., 


OA' 
CO' 


f^ = -— - 


O'A' 
CO 



B'A' G' 



C'O ''''^■ 



•sAOC^'Cosb, 
.nAOG=sinb. 



Hence cos a =i cos & cos c + sin b sin c cos A, 

which is the law of cosines. 
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96 SPHERICAL TRIGONOMETRY [VIII. §70 

In the above demonstration the sides b and c were taken 
less tlian 90° in order that the construction of the right tri- 
angles S'O^' and O'OA' might be possible. The resulting 
theorem, however, is true in all cases. Let ns assume 
90" < 6 < 180° and 90° < c < 180°. Then, Fig. 33, pro- 
duce the ares AB and AO to meet in A', thus forming a 
lune. In the triangle A'BG, b' and c' are less than 90'. 



The law of cosines Is, therefore, true for the triangle A'BG, 
so that, since A' = A, 

cos a = cos ft'^cos c' + sin b' sin c' cos A. 
But b' = 180° -b and c' = 180" - c. 

Whence 

cos a = eoa (180° - b) cos (180° - c) 

-I- sin (180° - b) sin (180° - c) cos A, 

or, cos a = cos b cos c -(- sin 6 sin c cos A. q.k.d. 

Again, let b < 90° and 90° < c < 180°. Produce the arcs 

BA and BC, Fig. 34, to meet in JB', thus forming a lune. 

Then, in the triangle AB'O, b < 90° and c' < 90°, and, 

therefore, , , r , - ^ ■ i /-. j m 

cos a' = cos cos c' -|- sin 6 sm c' cos CAB . 

But 

a'=:180°-a, c'=180°-c, ^uA CAB' = 1W - A. 
Hence 

cos (180° - a) 

=eos b COB (180° - c) -I- sin b sin (180° - c) cos (180° - A), 
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VIII, §711 FUNDAMENTAL RELATIONS 97 

or, cos ffl = cos 6 cos c + sin 6 sin c cos A, 

which proves the law of cosines for all eases. 

We thus have the three fundamental equations, the law 

of cosines: 

COB a=coabcosc+ sin b sin c cos A, 

COB b=C0BC cos a + sin csin a cos B, (37) 

cos c — cos a COB 6 + sin a sin i> cos C, 

by means of which any spherical triangle may be solved, 
Tor example, given a = 60°, b = 70°, A = 65°. 
We have 

C03 60° = cos 70° cos t: + sin 70° sin c cos 65," 
**'^' .500 = .342 COS fl + .940 sin o x .423, 

.342 cos c + .398 sin c = .500, 
.342 coa c + .398 ain c .500 



V(.342)'+(.398)^ 


VC.342)' + (.398)' 


1™ 


.398 
"^.625 


sine: 


.600 
.625' 


.651 cot 


I c + .758 


sine. 


= .962, 


.651 = 


cos 49.4° 


,.768 


= sin 49.4''. 




-49.4') = 


.952, 




c- 49.4° = CO! 


r^ .952 = 


18.2° 


and e = 67.6° 



Similarly the other parts may be found. The equations 
are not, however, adapted to logarithmic computation, so 
that for practical use, as will presently be shown, they 
must be transformed in various ways. 

71. Law of Cosines Applied to the Polar Triangle. The 

law of cosines, being fame for any triangle, is true for the 
polar triangle of ABC. Therefore, denoting the sis parts 
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9S SPHERICAL TRIGONOMETRY [VllI, Sri 

of the polar triangle by the same letters accented, we have 

COS a! = cos 6' cos c' 4- sin b' sin c' cos A'. 
Bnt 
a' = ISO" -A,b' = 180° -B, c' ^ 180° - C, A' = 180° - a. 

Whence, 
cos (180''-^) = co3 (ISO''-^) cos (180°-(7)+sin (180°~5) 
sin (180° - C) . cos (180° - a), 
or 

— cos j4 ss cos B cos (7 — sin B sin C cos a, 

80 that the truth of the three following ecLuationa is obvious ; 

cos ^ = — cos B cos C + sin B sin (7 cos a, 

cos B = — cos CcosA + sin sin A cos &, (38) 

cos G = - cos AcoisB+ sin ^ sin B cos c. 

72. Law of Sines. Another theorem of importance in the 
solution of spherical triangles, known as the law of sines, is 
as follows : Tn any spherical triangle the sines of the sides are 
proportional to the sines of the opposite amgles. That is, 

sina: slnl>: sinc = sln^: sinB: sin C (3d) 

From equations (37) we have, 

. cos a — cos 6 cos c 

cos A = — ;- -. 

sm sm c 

Whence 

1 — cos^ A — 1 — C*^^ Q — cos ft cos c)' 



_ sin^ b sin^ c — (cos a — co s b cos cy 
sin' b sin^ c 

_ (1 — cos^b)(l — cos' c) — (cos g — cos ft cos e)^ 
sin= b sin2 c 

1 — cos^ b — cos^ c — cos' a + 2 cos a eos b cos c 
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Whence, 
sin' A _ l — cos^ a — cos' b — cos° c + 2 cos a cos b oi 
sLa^ a sin^ a sin^ & sio^ c 



a J. _ Vl — cos'<X" C03^6 — cos^c4-2c( 



where the positive sign is taken because A and a are each 
less than 180°. The right-hand member of this expression is 
symmetric in a, b, and c, so that if we started with cos B or 
cos G instead of with cos A, the final result for the right- 
hand member would be identical with that written above. 
Therefore, obviously, we have 



airi .^ _ sin B _ sin 

sin a sin b sin c ' 

the law of sines which was to bo proved. 
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CHAPTER IX 

THE SOLUTION OF RIGHT SPHERICAL TRIANGLES 

73. Special Fotmula for Right Triangles. If we let C be 
the right angle in a right spherical triangle, and put C = 90° 
in the third equation of (37), Tve have 

C03 c = COS a COS b. (40) 

The third equation of (38) gives 

= — coa AcosS+ s\n. A sin B cos c, 
(W, cos c = cot A cot B. {41) 

The first two equations of (38) give 
coa A = &mB coa a, 
coa B= SYO-A coa b. 

TTsing the proportions of (39) when 0= 90°, we h 

ain.4 ^ ainJS ^ 1 
Bin a ain b sin c 
Whence, 

sin a = ain A ain c, 



(42) 



sin 6 = ain £ ain c. 
a (42) by (43) we have 



(43) 



n 6 cos c tan 6 
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Similarly, 

cosB = ^5i?_!!- (44) 

tunc *■ ' 

By (43), (44), and (40), 



ta,n^ 



tan & eoa c 
III the same way, 



sin a 

sin jd _ sin c _ sin a _ tan e 
" eoe A ~ tan b~smc tan 6 



(46) 



74, The formula (40) to (45) may be assembled, 
slightly different form, as follows : 



™ A tan* 

cos A = 

tanc 


tanc 


6inb 


sina 


cos A = C05a sin B. 


cos £ =^ cos ft sin A. 


cos c = cos cos b. 


COB c = cot ^ cot B. 



m 



A device, known as Napier's Rules, was formulated by 
Napier to facilitate tlie remembering of the above foimulee. 
Let us take for the jive parts of a right triangle the sides 
a and b, and the complements of A, B, and c. These five 
parts. Fig, 35, arrange themselves so that each is a middle 
to two adjacent parts and a middle to two opposite parts. 

Napieb's Rules state 

I, Tlie sine of the middle part equals the product of the 
tangents of the adjacent parts. 
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102 SPHERICAL TRIGONOMETRY [IX, §74 

II, The sine of the middle part equals the product of the 
cosines of the opposite parts. 




By applying these rules to the various parts all the 
fornmlje of (46) may he obtained. Thus, for example, 

sin (co-^) = tan b ■ taji (co-c). 
That is, 

sin (90° -A) = tanb- tan (90° - c), 

, . , , tan b 
or, cos A = tan 6 cot c = • 

76. Rules for Solution. In a right triangle, the right 
angle being always known, only two other parts need he 
known to solve the triangle. To solve a right triangle by 
meana of the formula (46) we have, therefore, the general 
rule : Select that equation which involves the tico known parts 
and one unknown part. 

The algebraic signs of the functions must be carefully 
noted in order to determine the sign of the resulting func- 
tion and thereby the angle. If the part to be found is got 
from a cosiae, tangent, or cotangent there is no ambiguity, 
for if these functions are plus the part will have a value 
less than 90°. If they are minus the part will have for its 
value the supplement of the angle found from the tables of 
trigonometric functions. 

On the other hand, if the unknown part ia determined by 
a sine, the sine being positive for all angles between 0° and 
180°, the value may be either that got from the tables or its 
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supplement. In general l)oth solutions must be used unless 
1 be removed by the following laws ; 



1. If tlie sides adjacent to the right angle are in the same 
quadrant, the hypoten-use is less than 90° ; (/ they are in dif- 
ferent quadrants, the hypotenuse is greater than 90". 

2. An angle and its opposite side are in the same quadrant. 

Proof of Law 1. By (40) cos c = coa « cos b. 

Let a g 90° and b < 90°. Then cos a = ± , cos 6 = ± , 
and cosc=(±)(±) = + . Therefore, c < 90°. Again, let 
a ^ 90°, and 6 5 90°. Then cos a = ±, cos 6 = ^, cose 
= (± )(?) = -, andc>90°. 



Since sin b is necessarily positive, it follows that taji a 
and tan A are both plus or both minus. Therefore a and A 
are each less than 90° or each greater than 90°. 

76. The solution of right triangles la illustrated by the 
following examples : 

Example 1. Given ^ = 33° 60', b = 108°, find B, a, and c. 

Erom the formulae (46) we select 

J tana , tan 6 t, i -^ t 

tan A = -. , cos ^ = , cos B = cos b sin A, 

sm tan o 

tan a = tan A sin b, cot c = cos .^ cot b, cos B — ainA cos b. 

+log tan J, = 9.8263 +log cos A = 9.9194 

nogainS =9.9782 -log cot 6 ^9 .5118 

+log tan « = 9.8045 -log cot c' = 9.4312 

c' = 74° 54' 

« = 32°31' c =105° 6' 
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*log sin ^ = 9.7457 
-log cos b = 9.4900 
-log cos B' - 9.2357 

E' = 80° 6' 

B = 99" 54' 

To check the results we select a formula involving the 
three parts to be found ; a, c, and B. Thus cos B = — ■ i 

' log coa B = log tan a + log cot c 

9.2357 ==9.8045 + 9.4312 Check. 

Example 2. Given a = 47° 30', c = 120° 20', find A, B, 
and b. 

We have 

. sin a -r, tan a , cos c 

sm A = — — , cos B = , cos b ^ . 

sin c tan c cos a 

log sin a =9.8676 *log tan a ==0,0379 "log cose =9.7033 

log sine =9.9361 "log tan c =0.2327 +log cos w =9.8297 

log sin j4 =9.9315 -logcoa5'=9.8052 -logeos&'=9.8736 

B'=50° 19' b'=ir 38' 

^=68°40' £=129° 41' 6=138''22 

Check. coa B = cos 6 sin A 

log cos B = log cos h + log sin A 
9.8052 = 9.8736 + 9.9315 = 9.8051 

Note. The value of A less than 90° is taken by virtue 
of law 2, Art. 75. 

Example 3. Given B = 105° 59', b = 128° 33', find A, a, 
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Bin A = ^1^ sin a = tan 6 cot B, 
cos 6 


"— S 


-log cos B =9.4399 "log cot £=9.4570 log s 


n 6 =9.8932 


-log cos b =9.7946 ""log taE b =0.0986 log s 


nB= 9.9828 


log sin ^ =9.6453 log sin a =9.5556 logs 


nc =9.9104 


^1=26° 14' tti^Sl" 4' 


ci =54° 27' 


Ag^lSS" 46' aj^lSS" 56' 


c, =125° 33 


Check. sin a = sin .4 sin c. 




log sin a = log sin A + log sin 


c 


9.5556 = 9.6453 + 9.9104 = 


9.5557. 



By law 2 botli sets of values must be used ; but by law 1 
the acute value Cj belongs with the obtuse values of A and a, 
the obtuse value c^ with the acute values of A and a. Thus 
the two solutions are : 



1. .4 -26° 14', 


a - 21° 4', 


= 125' 33'. 


2. ^ = 153' 46', 


a = 158' 56', 


e-B4»27'. 



Note. A quadrantol spherical triangle is one which has 
a side equal to a quadrant. The polar triangle of a quad- 
rantal triangle is right. Therefore, to solve a quadrantal 
triangle solve its polar triangle and take the supplements 
of the parts thus found. 

EZAUPLES 

Solve tte following triangles in which C = GO". 



= 40° 13', 


5. 


a = 165° 19', 


9, 


a = 144° 1', 


:= 26" 25'. 




c = 40= 50'. 




6 = 123" 0'. 


= 83" 15', 


6. 


b = 40" 49', 


10. 


A = 59" 17', 


= 76=46'. 




= 135" 40'. 




B = 51° 46'. 


= 110= 60', 


7. 


a = 21° 18', 


11 


A = 137" 18' 


= 118=30'. 




& - 49" 65'. 




iJ = 119°S0' 


= 127° 30', 


8. 


a = 78° 32', 


13. 


A = 71° 46', 


= 94" 62'. 




6 = 132° 26', 




B = 146" 3'. 
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13. 4 = 20° 84', 


19. 


A = 98- 17', 


35, 


A = 97° 24', 


e = 23' 18'. 




a = 143° 8'. 




a = 103= 12'. 


14. B = S7''36', 


20. 


a= 172° 28', 


26. 


h - 164° 10', 


= 96" 81'. 




« = 124=39'. 




c = 133' 60'. 


15. ^ = 100° 38', 


21. 


= 4" 54', 


37. 


(, ^ 340 g/^ 


c = 51° 44'. 




6 = 169° 27'. 




a = 54° 26'. 


16. B-59°54', 


22. 


^ = 76° 17', 


28. 


A = 156° 30', 


a = 6° 50'. 




B = 144° 1'. 




B = 104° 50'. 


17. ii = 47='34', 


23. 


B - 82° 43', 


29. 


A = 165° I', 


a = 144° 24'. 




c = 99° 26'. 




c = 50° 30'. 


18. ^ = 102° 49', 


24. 


B = 99' 47', 


30. 


B = 37' 56', 


6 = 10= 19'. 




a = 26° 43'. 




a = 157' 12'. 


Solve tte following quadrantal spherical triangloB ( 


c = 00°) : 


31. .A = 3ri2', 


33. 


6 = 51° 33', 


35. 


A = 159° 20', 


a = 72° 29'. 




C=25°48'. 




= 136' 30'. 


32. B = 1!8° 16', 


34. 


A = 141" 13', 


3G. 


6 = 18° 41', 


a = 137° 57'. 




C = 49° 35'. 




A = 30° 24'. 
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CHAPTEE. X 
THE SOLUTION OF OBLIQUE SPHERICAL TRIANGLES 

77. Sis Cases may be enumerated in the solution of 
oblique spherical triangles, 

1. Oiven the three aides, a, b, c. 

2. Given the three angles, A, B, C. 

3. Given, two sides and tlie included angle, a, b, C. 

4. Given two angles and the included side, A, B, c. 

5. Given two sides and the angle opposite one of them, a, 
h, A. 

6. Given two angles and the side opposite one of them, A, 
B,a. 

We stall proceed to consider these cases iii the order 
named. 

78. Case 1. Given the three sides. The law of cosines is 
sufficient to solve this case, but the equations are not 
adapted to logarithmic computation. We therefore de^ 
velop them as follows : 



We have proved the formula 

, , , fl — cos Ji 
tan A .4 —\h ; 

By the law of cosines 



- cos 6 cos c 
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Whence 

1 — cos .^ _ sin 6 sin c + cos 6 coa c — cos a 
1 + cos A sin 6 sin c — cos 6 cos c + cos a 

_ cos {b~c)~ cos tt _ cos ct — cos (b — c) _ 
cos a — cos (b + c) cos (b + c) — cos a 
But 

cosK — cos(6 — c) = — 2sin|{ffl + 6-c}sin|((i — ?) + c), 

co3{& + <;)— cosa = — 2sia-|(a + 6+<;)siii|{6 + c — «). 

Hence 

l-<ioaA _ am^{a + b- c) sin |(a -- 6 4- c) ^ 
1 + cos ^ sin ^(a + ft + c) sin |.(6 + c - a) ' 

Leta + 6 + c = 2s; then a + & - c = 2(s- c), 

a-i, + e = 2{s-6), and b + c-a=2(s-a). 

Therefore, 1 — eos j4 _ sin(3 — 6)3in (s — c) 
1 + cos ^ sin s sin (« — a) 



(47) 



Similarly, 

..nlC=J '"('"°>7('-') . 
" * Bin s sin (s — c) 

We may write 

sm(a— a) ' am a 

or, putting 

fc— / sill (^ — tt) sin (s — b) sin (s ^cj 
* sin s ' 

tattl^=-— ^ -, (48) 

^ sia (s - o) 

ten 3 -6=^-: — -rr, tan a C=-7— -■ 

■" ain(s-6)' ^ sin (s-c) 
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Either set of formulas (47) or (48) may be used in the solu- 
tion of Gaae 1. If a check ia deaired in the solution the law 
of sines may be so used. Thus, since 



it follows that 


SSA, 


_sinB 
" sinb' 


_sinO 


log si 


uA- 


-log sin o = 


= log sir 
= log sin 


ii!~log, 
,C-logr 



It must be remembered, however, that results may check 
and still be incorrect. If they do not check they are wrong ; 
if they check they may be right, or may be wrong, since 
errors may compensate each other. It is important to 
check one's work, but far more important to learn, by care- 
ful attention, to work accurately. 

Example. Given a = 103°, b = 63°, c == 61°, find A, B, 
and O. 

Using the formulse (48) we find 

» = ^ (103° + 53" + 61") = 108° 30', 

a-o = 6° 30', s-b = 55''30', s-c = i7'30'. 

log sin (s - a) = 8.9816 

log sin (s- 6)= 9.9160 

logsin(s-c)= 9.8676 

log CSC s = 0.0230 

2 )18.7882 

log ft = 9.3941 

log k = 9.3941 log k = 9.3941 

log sin (s-tt) = 8.9816 log sin (^ - 6) = 9. 9160 

log tan I- J[ = 0.4125 log tan ^ jB =. 9.4781 

1^^ = 68° 51', Ib = W 44', 

A = 137° 42', B = 33° 28', 
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log k = 9.3941 

log sin (s - c) = 9.8676 
log ta,n 1.(7 = 9.5265 
^ C = 18° 35', 
(7 = 37° 10'. 
Check. 
log Bia A = 9.8280 log sin B = 9.7415 log sin O = 9.7811 
log sin a = 9.98S7 log sin b = 9.9023 log sine ^9.9418 
9.8393 9.8392 9.8393 

79. Case 2. Giv^i the three angles. This case may be 
solved by the same formulae that are used in Case 1, by 
making use of the ^nwcspte of polar triangles. Thus, using 
accented letters to represent the corresponding parts of the 
polar triai^le, we have a' = 180° —A, b' = 180° — B, c' = 
180° — C. Knowing the sides a', b', c', we can find the 
angles A', B\ C, as in Art. 78. Then the sides of the 
original triangle will be 

« = 180° -A',b = 180° -B',c = 180° - C". 

Example. Given A = 123°, B = 43°, C = 64°, find a, 6, c. 

Here a' = 180° -~A= 57°, b' = 137°, c' = 116°, 

s := K57° + 137° + 116°) = 155°, 







log ain {s 


-a'l 


1= 99958 










log8m(» 


-4') 


= 9.4900 










log sin (s 


-C) 


= 9.7989 










log 


log J 


- 0.3741 
2]m658S 
;= 9.8294 








loK* 


= 9.8294 






loB* 


= 9.8294 


log sir 




- 9.9968 
= 9.8336 




Iogm»(. 


-6') 


= 9.4900 


ioK 


log tanks' 


-0.3394 




iA' 


- 34" 17', 






iB' 


= 65- 24', 




A' 


= 68' 84', 






B' 


= 130° 48', 
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log k = 9.8294 
log sin (s-c') = 9.7989 





log 


taniC- 0.0305 




Therefore 




a=u°2'. 




o = 111" 26', 




J = 49- 12', = 


: 86- 68'. 


Check, 








log Bin 4 = 9.9236 


logi 


sin B= 9.8338 log si 


n = 9.9637 


log sin « =9.9689 


log 


sin 6 =9.8791 log ai 


nc =9.9989 


9.9647 


9.9547 


9.9548 


Note. Using the law of cosines as stated 


in (38), Art. 



and proceeding as in Art. 78, the foliowing foimuliE may 
be got : 



cot-^ 
eot|-« 



y cosScoa{S-A) ' 



co8(S-Ay 
wnere 

/ COB (5 " A) COS (S - B) cos (S - G) 

^=\ ^Sis- ' 

and similar formulffl for cot ^ b and cot ^ c. These formn- 
Ife are simple and convenient, but it is unnecessary to bur- 
den the memory with them. 

80. Cases 3 and 4, two sides and the included angle, two 
angles and the included side, are solved by means of Napier's 
Analogies, which we shall proceed to derive. 

From (48), Art. 78, we may write 

^ A ^ B k' 

tan -=- tan ^ = - ■ ,.., -■ ■■ ■ v , 
2 2 sm (s ~ a) sin (s — &)' 
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Whence, 



1-- 



_9in(s-c) 



2 _ sin s — sin (s — c) 



(«) 



CQsH^ + -B) ^ 2cQsi(2a-c)sin^c 

cos ^ cos ^ ''"' 

2 2 

Whence, since 2s — c = a + S + c — c = a + 6, 

eoa^{A + E) _ 2 cos ^(a + b) sin j- e 

j4 B ~ sin a 

cos — cos — 

2 2 

Also, from (a) above. 

Sins 
■"2 

which being transformed in the same manner gives 

cos i(A-B) _ 2sin^ (a + b) cos j- c 

A B ~ sins 

cos -cos - 
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Dividing (ff) by (y) we have 

cos i (A + B) tan | c 

cos * (A -B) tan 1 (a + 6) 

Again, from (48) Art. 78 we may write 



(49) 



COS T- am — 



n(.-i)±sm(.-a) 
sin (3 — a) 



Using tlie upper signs, 

sin-^ (^ + B) _ 2sin^ (23- g- 6) cos |(a- 



c„.|si.f «■>(• 


-I.) 




2 sin ^ c COS J {a 


-b) 


m 


Using the lower signs, 






BinHA-B) 2oosi(2s-a- 


-MsinJ 


(«-») 


cos ^ Bin ^ ^^^ '" 
2 2 


-«) 




2 cos i c sm i (a 


-I) 


(0 


sin(»-o) 
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Dividing (8) by (t), 

ain|(£+B)_ 



8in|(J~B) taii|{a-6) 
A-pplying (49) and (50) to the polar triangles we obtain 

COB ^(A' + B^ _ tan -jr c' 
coa ^ {A' -B') tan I- (a' + b') ' 

BJD jr {A' + B') _ tan ^ c' 
sin I {A' — B') tan \ {a' — 6') 

that A' = im°-a, ffl' = 180''-^, ett 
cos \{a-\-b) _ cot I C 



(50) 



C0si(a-6) tan|(^ + B)' 

sin^(a + 6)_ cot|c 

Bin I (a -6) tani(4-S) 



(51) 



(52) 



The formulae (49), (50), (51), and (52), called Napier's 
Analogies because of their similarity to formula (28) of 
the plajie trigonometry, can obviously be written In other 
forms by the cyclical interchange of the letters. 

81. Case 3. Example. Given a = 100° 30', 6 = 40° 20', 
0=3 46° W, find A, B, c. Napier's analogies (51) and (62) 
may be written 

tan 1 M -I- m_ «os|(«-^)'^°Hg 

, , , „ sin 4(a — b) cot -'- C 
^ ' sin -i(a + b) 

which will determine A and B. Then to find c we may use 
eithe. (49) or (60). The latter may be written 

smK4+B)lani(«-6), 
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We have 
^(a + 6)=70''25', |(a ■- 6) = 30° 5', |C=23°20'. 
log C08 1- (a - 6) = 9.9371 log sin |(a - &) = 9.7001 

log cot ^ C = 0.3652 log cot | = 0.3652 

log aec|(ti + 6) = 0.47 48 log esc ^ ( g + b) = 0.0259 

log tan ^(A + B) = O.fffi logia^a^jA -B) = 0.0912 

l(A + B)- 80° 31', i (-4 - -B)=50°69'. 

Whence A = 131° 30', B = 29° 32'. 

log sin |(^ + .B) = 9.9940 

log tan ^(0.-6) -=9.7629 

log CSC |(^- .5)=: 0.1096 

log tan^c = 9.8665 

^c=36°20', 

c = 72° 40'. 

The sigES are all plus in the ahoye computation. 

Case 4. Example. Given B = 110° 40', G = 100° 36', a = 
76° 38', find 6, c, A. 
_ Napier's analogies (49) and (50) may he written 
. , ,. , , cos 4 (£ - C) tan A a 

, ,, . sin i (B — C) tan ^ a 

t..H>-c)= iLKJi + C) - 

which will determine h and c To find A either (51) or 
(62) may be used. The latter is 

cot 1 ^ = aini(?>+c)tan^(.B-0 _ 
^ sin ^ (6 ■— c) 

Here ^ (B + C) = 105° 38', |(iJ - C) = 6° 2', | a = 38° 19'. 
+]ogco3^(S- 0)=9.9983 +logsin^(B -0 = 8.9432 

+log tan I a = 9.8977 +log tan I a = 9.8977 

-log sec I- (-B + C)= 0.5695 +logcso \(B+ C)=Q.Q164 

-log tan ^ (6 + c) = 0.4655 +log tan -J- (&- c)= 8.8373 

180° - 1 (S + c) = 71° 6', ^(i. - c) = 4° 7'. 



^(6 + c) = 108°54'. 
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Whence b =113° 1', c = 104° 47'. 

log* sin i (6 + c)= 9.9759 

log+ tan (B-0)= 8.9449 

log*cacj^(6-c) = 1.1440 

log^- cot I ^ = 0.0648 

^ ^ = 40° 44', 

A = 81- 28'. 

Note that the algebraic signs are not all plus, and that 
the quadrant in which the aiigle lies is determined by the 
sign in the case of the tangent, cotangent, or cosine. 

82. Cases 5 and 6, two sides and an c^poaite angle or two 
angles and an opposite side, may be solved by the law of 
sines together with Kapier's analogies. Thus, if a, b andjl 
are given, we may write 

,. p __ sin 6 sin A 
sin a 

which, however, does not determine B unambiguously, since 
B may be either acute or obtuse. In this case, indeed, 
there may be two solutions, one solution, or none. "We 
know, however, that if two sides (or angles) of a spherical 
triangle are unequal the angles (or sides) opposite are un- 
equal, and the greater angle (or aide) lies opposite the 
greater side (or angle). These theorems enable us to deter- 
mine which values of the angle (or aide) are possible. 

Thus ifb^a, then only uaZwes of B which are j g^gater I '^'^'* 
ji are possible; both values of B may be so, or only one 
value. If the sine of B is greater than unity; that is, if log 
sin B is positive, no solution is possible. These same con- 
siderations obviously apply to case 6 also. 

Another method of removing the ambiguity of Cases 5 
and 6 is aa follows : Two angles are of the same species 
when they are both acute or both obtuse. Also, since each 
side and angle of a spherical triangle is less than 180°, we 
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see that ^(A + B) and ^ {a + &} are each less than 180'; 
while ^{A — B) and ^ c are each less than 90°. It follows, 
in Napier's first analogy, 

cos i;{A + B) __ tan^c 
cos ^{A-B)~ tan |(ffl + 6) ' 

that tan^c and cos^(^ — B) are both positive. Then 
cos ^(A + B) and tan ^{a + b) must have the same algebraic 
sign, and, therefore, ^(A + B) and ^(a +b) are of the same 
species. Thus, when a and 6 are given and ^ or B is to be 
found, if ^(a + 6) ^ 90° must also ^(A+B)^ 90° ; and 
the values of ji or JB must be so chosen as to satisfy this 
condition. 

Having thus found B, say, (whether there be two values 
or only one) we may complete the solution of the triangle 
by the use of Napier's analogies. 

Example 1. Given a = 46° 30', b = 30° 20', B = 36° 40', 
solve the triangle. 

We have - . sin a sin B 

sm A. = — — - 

smb 
log sin a = 9.8606 
log sin 5=9.7761 
log CSC & =0.2967 
log sin ^=9.9334 
^ = 69°4'or 120°56' = ^'. 

Here a>b, and, therefore, must A^B. This is true of 
both values of A found, so that there are ttoo possible solu- 
tions of the triangle. To find C and c we may use (52) and 
(60). 

^ C_ sin ^{a + b) tan i(A-B) 
2 «ni(a-bj 



S AnUA~B) 
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We have 

JPVrsf solution Second solution 

|(a + &)=3S°25/ !(« + (•) = 38=25', 

|((i-6) .= 8°6', !(«-&) =8=5', 

^{A + B)= 47° 62,' ^(^' + B) = 78" 48', 

1(^4 -B)= ir 12'. ^(^' - £)= 42° 8'. 

log sin Ka + &) = 9.7934 or 9.7934 

log tan ^(A -B)= 9.2966 9.9565 

_ Iog CSC |(tt - 5) = 0.8519 0.8519 

log cot 1"= 9.9419 or 0.6018 

§=48°49', ^ = 14''3', 
2 '2 

C=97'=38'. C' = 28='6'. 





log 


tanKo- 


S). 


= 9.1524 


9.1524 




log 


csc«^- 


_St 


. 0.7117 


0.17.34 






loglao£ = 


: 9.7342 


r 9.3174 






1 = 28-28', 




^^11° 44', 






c=56 


"56'. 




c' = 23»38'. 


The two complete solutions are, therefore. 






^■69' 


'1', 


or 120° 


56', 






0.97" 


'38', 


28° 


6', 






c = 66' 


56'. 


23° 


28'. 


Examp: 


Ie2. 


Given a 


= 126', c = 7B 


', A = m; solve the 


triai»gle. 












Using the formula 












sin 


C- 


sin A sin c 
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l0B« 


inA = 


= 9.9186 






log 


ame = 


= 9.9730 






lOgCBOO- 


: 0.0920 






log. 


imt' = 


: 9.9836 






= 


= 74- 20' 01 


106° 


40'. 



But since a > c, must A> C. Therefore, there is no soht- 
Hon. Otiierwiae thus : 
^ (a + c) = 98°, ^ (A 4- C) = 66° 10' or 80*' 50', which are 



not of the same speeiea. 

Example 3. Given A = 
triangle. 

Using the law of sines, s 

log si 
logs 
logcs 
logs 


1 84', = 19°-, a = 28°, solve the 
sin C sin a 


sin J. 
iiG= 9.5126 
Ln a = 9.6716 
ic^ = 0.0024 
in c = 9.1866 

c = 8= 50' or 171° 10'. 



But since C <A, must c<a, and the second value 
impossible. 
To find b use (50). 

log sin |(.4 + C)= 9.8936 

log tan |(a-c) = 9.2276 

log CSC \{A-C) = 0.2698 

log tan ^b = 9.3908 

^6 = 13° 49', 6 = 27° 38'. 

To find B we may use (52), which has the 

giving an unambiguous result, or the law of sines. 

the latter method we have 

log sin G = 9.5126 
log sin & = 9.6663 
log CSC c = 0.8137 
log sin B = 9.9926 

B = 79° 27' or 100° 33,'. 



Ho;-dt,CoOgk' 



120 SPHERICAL TRIGONOMETRY [X, §82 

But smee b < a, nmst B <:iA, and the second value ia im- 
possible. The complete solution is, therefore, 

c = 8° 50', 6 = 27" 38', B = 79° 27'. 
83- Delambre's Analogies or Gauss's Equations. 
Using the law of cosines we may write 
cos b cos c 



COS^=s 



_ (cos 6 cos c + sin fi sin e) — cos g 



- cos .4 = 2 ain^ ^ A 



n . ,A 008(6 — c)— coaa _ 2sia^(a+b—c)sm^(a~b+c) 
2 sin 6 sine sin 6 sine 



2 ' sin 6 sin c 

with similar formulee for sin — and sin — • 

In the same manner, by adding unity to each side of the 
first equation of this article, may he ohtained foimiil^ of 
which the type is 

Prom these obviously follows 

«■ -^ p t. -^ _ sill (s — ^) j sin s sin (s — c) 
2 2 sin c ' sin n sin b 

sm(s-b) O (a) 

= ^ — i cos —• ^ ' 



In the same way we obtain 

A ■ B sin (s - a) O 

(!(1B — Bin — = . i- 1- COS — ■ 



m 
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ding (o) and (/3), 

g+cos4Bin|- ™""'')+"°<'-''' c 



Whence 



sml(A + B)~ '-°'i'-''-"'> co.2- 
' COS I c 2 

Similarly may be obtained 



»mi(A-B)=~ 


Binjc 2 


cosi(^ + ii) = 2 


)s i (a + 6) .jj^ 
cosic 2 


cc»iCa--B) = S 


ni(o + S) . C 



whicli are the analogies or equations sought. These im- 
portant eqiiationa may be conveniently used in the solution 
of Cases 3 and 4 of oblique triangles. 

Esample. Given a = 132° 47', 6 = 59° 50', C = 56° 28', 
flolve the triangle. 

We have 
|(a + 6) = 96n9', 4.(« - 6) =^ 36° 29', I G= 28° 14'. 
log sin I (a + 6) = 9.9973, log sin ^ (a - 6) ^ 9.7742, 

log cos I (a + ?>) = 9.0414, log cos l (« - 6) - 9.9053, 

log sin ^= 9.6749, log cos ^=9.9450. 

From equations II and IV", 
log S sin I c sin |-(.4 - B) j = 9.7742 + 9.9450 = 9.7192, 
log {ain ^c cos ^(.4 - S)( = 9.9973 + 9.6749 = 9.6722. 
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Whence 

log tan ^ (^ - ^) = 0.0470, 

i(A-B) = 48° 6'. 

Trom I and III, 

log-^ J cos I c sin }j{A + S)l = 9.9053 + 9.9450 == 9.8503, 

log- Jcos ^ c cos ^(A + B)\ = 9.0414 + 9.6749 ^ 8.7163. 

Whence log- tan ^(A + -B) = 1.1340. 

180° -I (A + B) = 85° 48', ^(A + B) = 94° 12'. 

Therefore, ^ = 142° 18', £ = 46° 6'. 

Also log sin ^{A-B) = 9.8718. 

Therefore, log jsin^c sin |(yl - B) i = 9.7192 

log sin ^ (.4 -g] =9.871 8 

log sin 1 c = 9.8474 

1-0 = 44° 44', = 89° 28'. 

Possibility of Solution by Inspection of Data. Before at- 
tempting the solution of a spherical triangle it may be 
desirable to determine whether the triangle ia possible with 
the given data. 

Case 1. Given the three sides. The triangle is always 
possible if the sum of the sides is less than 360°, and if no 
one side is greater than, the sum of the other two. This 
follows at once from well-known geometrical theorems. 

Case 2. Given the three angles. This case can be read- 
ily tested by the criteria of Case 1 applied to the polar 
triangle. For example, the triangle A = 78% B = 100°, 
(7=160° is impossible because tlie sides of the polar tri- 
angle, a' == 102°, b' = 80°, c' = 20°, are such that a' > b' + &. 

Case 3, given two sides and the included angle, and Case 
4, two angles and the included side, are always possible. 

Cases 5 and 6 have been discussed in Art. 82. 
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1, 


. a = 08° 25', 


14. 


a =111° 20', 


27. 


A = 132°, 




ft^Tl^ll', 




c = 41°30'. 




B = 139° 50', 




c = 56° 57'. 




C = 25° 10'. 




6 = 137° 10'. 


2. 


a = looks', 


15. 


A = 159° 1', 


28. 


A = 70°, 




6 = 50" 2', 




G = 86°, 




B = 40°, 




c = 60° 6'. 




a = 9° 5'. 




c = 108°. 


3. 


A = 51° 59', 


16. 


J. = 35° 30', 


29. 


a = 40°, 




B^ssosa', 




C = 153° 30', 




& = 118°21', 




= 58' 54'. 




a = 73° 33'. 




,4 = 29° 25'. 


4. 


A = 1*2" 33', 


17. 


li = 143° 30', 


30. 


0=148°, 




B = 27° 53', 




= 71° 20', 




B = 23°20', 




= 32^37'. 




c = 89°35'. 




c = 136°. 


5. 


6 = 43° 10', 


18. 


^ = 110° 5', 


31. 


a = 114°, 




e = 96°ll'. 




B = 123°20', 




c = 148°, 




A = 110° 5'. 




6 = 126° 55'. 




C =: 135° 7'. 


6. 


a = lis", 


19. 


a = 59° 34', 


32. 


A = 78°, 




c = 69°20', 




b = 136° 11', 




B = 81°50i, 




B = 12S° 10'. 




c = 150°2'. 




a = 122° 47'. 


7. 


a - 90° 50', 


20. 


a = 109° 24', 


33. 


B = 61°40', 




c = I17°G0', 




c = 81° 50', 




C = 140° 15', 




B = 120°6'. 




^=107° 40'. 




c = 160°25'. 


8. 


B = 41° 6', 


21. 


= 90° 50', 


34. 


a = 125° 16', 




0=132° 10', 




c = 64° 10', 




& = 151°37', 




a - S7°. 




4 = 96° 13'. 




c = 75° 55'. 


9. 


A = 135% 


22. 


^ = 35° 31', 


35. 


.A = 60° 40', 




C = 50°50', 




B = 24°43', 




= 105°, 




6 = 68° 50'. 




C = 188° 26'. 




0=04° 30', 


10. 


^ = 147° 30', 


23. 


-4 = 31°20', 


36. 


a = 55° 5', 




= 163° 10', 




= 123° 40', 




c = 138°5'. 




6 = 76° 25'. 




6 = 40° 40'. 




A = 43° 28'. 


11. 


a = 29° 2', 


24. 


a =120° 45', 


37. 


B = llfi°6', 




6 = 14° 3', 




e = 70° 25', 




= 73° 50', 




-1 = 49'>5'. 




B = 60° 16'. 




c = 80°. 


12. 


6 = 68°, 


25. 


-4 = 130° 21', 


38. 


B = 134°, 




c = 36°, 




B= 130° 32', 




= 51°, 




= 163°. 




= 140° 7'. 




o = 70° 20''. 


13. 


a = 132°, 


26. 


c = 109°20', 


39. 


6 = 108°, 




b = 56°, 




6 =80° 20', 




c = 40°, 




^ = 116° 18'. 




C = 106° 50'. 




= 39°. 
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SPHERICAL TRIGONOMETRY [X, 

= 58''20', 43. A-n^b', 44, ^ = 115", 

= 138" 5', B = 122°, B = 60°, 

= I16='3'. Ci=95°4'. = 135°. 

= 61°, 43. a]=m', 45. a = 150°, 

= 97°, 6 = 12r, 6 = 180°, 

= 110°. c = 60°. B = 10°. 

46. = 112° 80', 4T. -it=20°30', 

6 = 108° 40', B = 32°30', 

C=140°10'. C = 124°30'. 



Ho-odt, Google 



CHAPTER XI 
THE EARTH AS A SPHERE 

84. DiBtanceB on the Earth. As we remarked in the intro- 
ductory eiiapter, plane trigonometry is sulfieient for the 
survey of small areas. For larger areas and in navigation, 
except in the most refined work, the Earth is treated as a 
sphere and we make use of the principles of spherical trigo- 
nometry already enunciated. 

The shortest distance between two points on the Earth is 
the arc of a great circle joining them. If we know the 
number of degrees in that arc we can compute its length by 
the formula s^xr (Art, 47), where s is the length of arc, 
X the angle in circular measure, and r the radius of the 
sphere ; in this case 3960 miles, the radius of the Earth. 

Example. Find the length of an arc of 26° on the Earth's 

■"''''™- ,„. 26, 13, ,. 

*= 180 =■»'■■"'""■ 

Therefore, 

s =^ X 3960 = i| . ^ . 3960 = 1798 mdes. 

It is convenient to compute and remember the number of 
miles ill one degree of arc for the purpose of finding lengths 
of arcs. 



85. Position and direction. The position of a point on the 

Earth is determined by its latitude and longitude; that is, 

by the number of degrees the point lies north or south of 

the equator, and the number of degrees east or west of a 

125 
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126 SPHERICAL TRIGONOMETRY [XI, §85 

great circle, through the Earth's axia, chosen as a reference 
line. We shall use the great circle, or meridian, through 
Greenwich. 

A point moving along a great circle of the Earth, unless 
that circle be a meriiiian or the equator, is constantly 
changing its direction, or course. Eor example. Fig. 36, at 
A the compass points north along AN, and a ship at ^ is 




sailing, say, due west. When the ship has reached B the 
compass points north along BiVand the ship is sailing west 
30° south. On the other hand if a ship sailed constantly on 
a course, Bay, west 30° south it would move around the 
Earth in a spiral approaching continually nearer to the 
South Pole. 

86. Bearings. To illustrate the use of spherical trigo- 
nometry in determining positions, directions, and distances 
on the Earth's surface, consider, Fig. 36, a ship sailing 
from C to ^ along the great circle CBA. The lines NO, 
NB, NA, and NG are meridians, the last being the meridian 
of Greenwich. Suppose the latitude and longitude of 
are 44° 40' N., 63° 36' W. ; of A, 53° 24' N., 3° 4' W. The 
longitude of (?, obviously, is 0°. The positions of the points 
and A being thus known, let us find the directions (called 
bearings) of A from C and of G from A, and the distance 
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XI, §86! THE EARTH AS A SPHERE 127 

from to A. From the meaning of longitude we have 

QNA = Z°4f, CiVG = 63° 35', whence a. = ANC=<aiyZV. 

Also, by the meaning of latitude, 

AN= 90°- 53° 24' = 36° 36' ; CN= 90° - 44° 40' = 45° 20'. 

We therefore hare, in the spherical triangle C'NA, CN — 
a = 45° 20', AN'= c = 36° 36' and the included angle a = 
60° 31', which is case 3 in the solution of spherical triangles. 
The data : 

i{a + c)= 40° 58', ^ (ffl - c) = 4° 22', | « = 30° 15.5'. 
log cos ^ (a - c) = 9.9987 log sin ^ (a - c) = 8.8816 

log cot ^ = 0.2340 log cot I = 0.2340 

log see |( a + c) = 0.1220 log esc |(ct + 1^) = 0.1834 

logtanK^+C) =0.3547 logtani-(^- C) = 9.2990 

-^(^4-0) = 66° 10 i(^-C) = ll°16'. 

Whence A = 77° 26'. = 54° 54'. 

Therefore the bearings of G from A are N. 77° 26' W. ; of 
A from 0, N. 64° 54' E. 

To find the side OA = a; we have 

log sin ^(A + G) = 9.9613 
log tan ^ (a — c) = 8.8829 
log CSC |(^-g ) = 0.7092 

log tan I = 9.5634 

^ 3; = 19° 47.5', ic = 39° 35'. 

Therefore length GA = 39.6° x 69.1 miles = 2736 milea. 

If only the distance sailed is required it is simpler to aae 
the law of cosines. Thus, cos a; = cos c cos a + sin siu a 
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log COS c = 9,9046 




log sine = 9.7754 


log cos a = 9.8469 




log sin a =9.8520 


9.7515 




log COS « = 9.6921 


number = .5643 




9.3195 


.2087 




numbers .2087 


cos a; = 0.7730, 




cc=39''23' 






1 the distance = 39.4° 


X 69.1 = 


= 2723 miles. 



87. Thecourseof the sliipatC-wouldbeN.54''64'E. To 
show how the ship's course changes as it sails along CA let 
us Und the course as the ship crosses the meridian 38° W. at 
the poLQt B, Fig. 35. In the triangle NOB we have b= ON 
= 45" 20', C = NCB = 54° 54', N= ONB = 63° 35' - 38° 
= 25° 35' ; that is, two angles and the included side. 

= 14° 39.5', 4.6 = 22040'. 



ain^(C-iy) = 9.4033 

log tan 1 6 = 9.6208 

CSC 1(0 +y) = 0.1897 



|(C' + JV} = 40°14.5', \{C- 
logcosi^{C'-i\0 = 9.9856 
logtanl 6 = 9.6208 

Iogsec^(0-4--y) = 0.1173 

log tan ^ {c + u) = 9.7237 log tan ^ (c - n) = 9.2138 

i (c + ») = 27° 53.5' ^ (c - «} = 9° 17.5'. 

Whence c = BN=d,r 11', n = GB = 18° 36'. 

The latitude of B is 90° - B2f = 62° 49' N., and the dis- 
tance sailed is 

GB =! 18.6° X 69.1 miles = 1285 miles. 

To find the angle B = OBNwe have 

Iogaui^(c + w)= 9.6700 

log tan -^ (C? - JV) = 9.4176 

log CSC ^ (c - w) = 0.7919 

log cot I B = 9.8796 

^ B = 52= 51;, B = 105° 42', and NBA = 180° - B = 74° 18'. 

Therefore the ship's course at B (the bearing of .4 from 
B) is K. 74° 18' E. 
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88. The Area of a Spherical Triangle may be found as fol- 
lows 1 The theoiem has been proved that the area of a 
spherical triangle is equal to ita spherical excess (the excess 
of the sum of its angles over two right angles) times the 
area of the tri-rectangular triangle; it heing understood 
that the right angle is the unit of angles. Thus, using li to 
represent the area of a triangle whose angles (in degrees) 
are A, B, and C ; and noting that the tri-iectangular triangle 
is one eighth of the surface of the sphere ; we have 

90° ■ 8 180' 

Example. Given A = 106% B = 80°, O == 95°, and taking 
r ~ 3960 miles, the radius of the earth, 

A ^ (105° + 80° + 95° ~ 180°) .ggg.,, ^ 5^(3960 )' 
180° ^ ' 9 ■ 

log 5 = 0.6990 
log ^ = 0.4971 
21og)- = 7.1954 
colog 9 = 9.0458 - 10 
log A = 7.4373 
and A = 37,370,000 square miles. 

TABLE OF LATITUDE AMD LONGITUDE 

Baltimore 39°17'N., 76° 37' W. 

Boston 42°21'N., 71° 4' W. 

Chicago 41°53'K, 87''38'W. 

Greenwich 51° 29' N., 0° W. 

Honolulu 21° 18' N., 167° 55' W. 

Liverpool 53° 24' N., 3° 4' W. 

New York 40° 43' N., 74° W. 

Pernambuco 8° S., 34° W. 

Rio de Janeiro 22° 54' S., 43° 10' W. 

San Francisco 37° 48' N., 122° 34' W. 

Washington 38° 54' N., 77° 3' W. 

K. h.= ,-.MM,GOOglC 
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In the following problems assumo that one can travel directly 
along the arc of a great circle between the points named. 

1. AshipsailsfromBaltimore to Boston. Find the course of the 
ship as she ieavas Baltimore, her course as she crosses the meridian of 
New York, and the entire distance she sails. What are the hearings 
of Baltimore from Boston, and of Boston from Baltimore ? 

2. Find the course at Liverpool, the course at 55° W., and the 
total distance sailed hy a ship going from Liverpool to New York. 
What are the bearings of these cities from each other ? 

3. A ship sails from Baltimore to Rio de Janeiro. She sails first 
to a point off Pernambuoo in latitude 8° S., longitude Si" W., and 
from there to Bio. How far does she sail, and what is her course oS 
Pemambuco ? 

NOTB. In the Southern Hemisphere latitudes are taken as algebra- 
ically negative. Use the north-polar distances of places as sides in 
soiyinK triangles. 

4. Ih problem 3 what course will the ship be sailing after she has 
gone 1000 miles ? What will be her latitude and longitude at that 

5. How far is the Washington Observatory from the Greenwich 
Observatory ? What are the bearings of the two observatories from 
each other ? 

6. A ship sails from Boston on a course East 12' South. At what 
distance would she be aailii^ due East ? What are her latitude and 
longitude at that instant ? 

7. A ship sails northwest from San Francisco, What would be 
the highest latitude she would reach ? What would be the ship's 
longitude at that instant ? 

8. rind the number of square miles in the triangle whose vertices 
are Baltimore, Boston, and Chicago. 

9. A ship sails from Honolulu to San Francisco. Find the entire 
distance sailed, and the course of the ship when she has gone halfway. 

10. An aBroplane sails from Washington to Chicago along a great 
circle arc one mile above the surface of the Earth. In what time is 
the flight' made at a rate of 75 miles per hour ? 
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XI, §881 THE EARTH AS A SPHERE 131 

11. Find the number of square mOes in the triangle whose Tertices 
are Baltimore, New York, and Ciiioago. 

12. rind tte face and edge angles of a regular triangular pjraraid. 

13. What is the latitude of three points on the Earth equally dis- 
tant from each other and from the North pole ? 

14. Each face of a triangular pyramid is a triangle whose sides are 
^ , 4, and 6 respeotively. Find the face and edge angles of the pyramid. 
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ANSWERS 

CHAl'TER III 
Art. 28 
2. A = 4S°5 3. J, = 5m' 

e = 54.9 6 = .433 

6. o = 713 6. 6 = 96.4 

c = 823 c = 232 

9. 60° 10' 10. 260 ft. 11. 184 ft. 
i' 14. Heights equal. 

Art. 33 
i 14. e= 15. 10'+'' 16. e^ 

21. 33. 1 33. ImpossiWe. 

25 2Qog.a-\og,b) ^g^ (a-b)^' 27. 29. .6031 

30. 1.009 31. 1.386 32. .2312 33. 1.058 34. -.3088 
35. 4.409 36. 238.2 37. - 35S300 38. .07212 39. Impossible. 
40. -311.7 41. -1747 43. 57090 43. .00003162 

44. .03738 45. 100 4G. 3.241 47. .001347 48, 1142 
49. 2448 

SOLDTIOHS OP RIGHT TRIASGLES 



1. 


&=i340 






= 422 




4. 


6=478 
0=154 




7. 


70.7 £t. 


8. 71.2 ft. 


12. 


99.5 ft. 


13. 43" 36 


8. 


1.913 


9. -.874 


17. 


100 


30. 



a = 2316 
b = 3402 
K= 3,941,000 


3. 6 = 24850 
c = 36100 
iC = 32D,400,000 


a = 578.8 
c = 2491 
K= 701,000 


e. a- .00883 
b = .003607 
Jf=. 00001593 


((=..6441 
c = ,6503 
ir=. 02870 

m 


9. ^ = 43°21' 
K= .3801 
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10. 


a = .003845 


11. 6 = 6091 12. 6 = 99.43 




6 =: .000723 


c = 6268 c := 156.8 




K= .00001293 


K=: 3,444,000 ff=6O80 


13. 


vi = 79'>28' 


14. 6 = 63,840 15. a = .000005737 




a = 842 


e = 92,280 c = .00002118 




J:= 65,900 


K = 2,128,000,000 E = .000000000( 


le. 


a = .0003899 


n. ^ = 27n7' 18. a = 18.59 




6 = .O0OS772 


= 4.252 6 = 30.51 




j:= .000,000,1321 E:=17.53 J: = 3B3.7 



. 6 = 24,540 20. .,1 = 43° 46' 
C = 30,010 c = 5280 
K= 211,900,000 K= 6,970,000 



21. 


First steeper by 5*'. 22. 


25.6 mi. and 30.5 mi. 


23. 


Team bj 15 secoTida. 24. 3" 25' 25. 


648 ft. 26. 14,7 in. 


27. 


9 lir. 28 mil 


I. A.M. or2hr. 32!nin. P.M. 




28. 


Eeduoed by 10.1 ft. 29. Buoy farther by 1133 ft. 


30. 


Increase In altitude 251.4 ft. 31. 8° 48'. 32. J ft. siiorter. 


33. 


1675 mi. 


34. 57° 43' N. or S. 36. 


N. 58° 15' E. 15 mi. 


36. 


E. e2''46'N 


. 7.29 mi. per hour. 




37. 


112.5 mi. 


38. E. 80° N. or S. 4.33 i 


mi. 39. 127.9 mm. 


40. 


176.6 ft. 


41, 74.17 yd. 

CHAPTER IV 
Art, 40 




B. 


9±4v? 
20 


„ 1±2V30 
12 


zfcv^ 8_ ±Va 


9. 


±V2 


10 ±^^ 






10 


10 
Art, 41 




i. 


-? 


^ ±9v^±8v'2 


p ±32\^±0-v/i5 


7. 


One value, 


45° 8. ± V. 
Art. 44 


9. Two values, ± 90° 


1. 


, 4V-2 


2. I 3. ±i^ 


4. ±^±» 


5. 


^V2±I 


6. ±(3±2V2) 
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CHAPTER V 
Art. 47 



18. Minute hand, t 
Hour hand, — 



per sacond. 24. 191 revolutions per minute. 

26. 1978V2mi. 37. .035 in. 28. 5.7 ft. 







Art. 49 




17, 


V2 + Va 


18. ^-^2 19, 
CHAPTER VI 


-^ 20. . 


1. 


, 6 = 086 


2. ^ = 19" 


3. 4 = 18=39' 




a = 544.3 


= 52= 


B = 26°62' 




r= 193,000 


c = 8.19 


c = 673.9 






K = 13.1 


£=45,990 


4. 


A = 4rs' 


5. ^ = 10O"35' or 10^21' 




S = 59" 18' 


0=44^53 


' 185" 7' 




C = 71°36' 


It = 67.02 


12.25 




X=1705 


a: = 914 


167.: 


6. 


a = 6184 


7. 5 = 49° 8' 


8. X = 37''68' 




d = 2937 


^ 59° 19' 


B - 66' 42' 




E"= 7,510,000 


a = 70.48 


a = 179.9 






£=1703 


K"= 23,370 


9. 


a = 6.64 


10. B = 2S"29' 


11. .4 = 43=49' 




c = 3.96 


C = 22= 5T 


C = er 28' 




Ji: = 12.21 


6 = 3024 


c = .4592 






X = 3,243,000 


X=.0802 


12. 


A = W 16' 


13. No solution. 


14. b = .01292 




B = 54»33' 




c = .002861 




= 31° 8' 




71"=. 00000828 




K = .0002699 






15. 


^ = 26" 19' 


IG. b = .0186 


17. B = 90° 




= 109^6' 


J. = 64° 40' 


c = 59.39 




= 67.14 


C = 94° 13' 


b: = 955 




^=742 


K= .00000369* 
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18. -4 = 46° 23' or 133° 37' 19. B = 22"3T 

= 102" 30' 15° 16' C = 127°28' 

c = 8730 2354 a = .5693 

S:= 14,600,000 3,638,000 K= .0058 

20. .A = 134° 22' B = 18°42' = 26° 56' if =4.622 

21. J. = 57=41' C = 38°49' a = .02461 ff= .0002232 

22. 33,696 aq. ft. 23. 13.6 ft. 34. 30.4 ft. 25. 428 ft. 
26. Width 74.6 ft.; height above stream, 14ft. If 50 ft. from baob 

means up the slope, tlie results are 71.9 ft. aDd 13.5 ft. 27. 472 ft. 

28. 17.1ft. 39. 301ft. 30. 61.93 and 58.81 ft. 

31. ^ = 57=21' .8 = 75° 44' 0=46" 55' c = 6.43 

32. -B = 63°36' « = 49.45ft. c = 53.48ft. 

33. 11,320 and 7082. 34. 3997 sq. ft. 35. A = 7°5'| no. 
36. 21.7 mi. 37. 0° 17' with tlio surface o( tlie water. 
38. 33.5 ft. 39. 39. 7 ft. 40. Second yacM tjy 1 min. 

12 see. Eesult varies from 1 min. to 1 miii. 42 see. according to the 
number of figures used in computing, 41. At 83° 33' with sliore 

on the side towards the 60° angle. 42. ^-0-if by S560. Re- 

sult between $ 555 and f 660 according to method of solution and num- 
ber of figures nsed. 43. jlC=152.4ft. BC=320ft. 
44. 441ft. 45. 836.9 ft. 
CHAPTER VII 
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16. 2»,i| 

19. n7r + C-)"sm-U 20. 2itjr±l, mir ± tair'^ 

31. a; = ^-| 23. e = 3i«r±^ 23. = ft,r, 2 »7f ± I 

v^.if . = . ,.., ^ 

24. a; = ^ + | 25, a; = 41n^ +(-)"sin-i J[ 

y = ± o Va J, =: _ a V5, - 2 dVs, n even 

!/ = (iV5, 2oV5, nodd 



31. e = ^,r-0, neTen.e=(8.H-l)?:or (8^+3) i:,r=±J-,K odd 

2 4 4 </2 

32. fl = ti.ir + ^ 33. e-'^ + i-iy— 34. aVV-b^ + bVT^:^ 
i- = ±2V2 r=±2\/2 

. ±iV5 3T. ±^ 38. lor -J 

±V3 ,„ _.,„ . 



±V21 



39. 0, ± V3 40. ±1 41. ± Va, -^ 

43, 0, i 44. 2:, -^ 45. 0. 46. I 

24 2' 6 2 

47. ^ = -1 48. 6 = "^, ^ 49, 3! = lsiii-i(',^^^5^\ 

8 2 6 ' ^. 2 ; 



_2 +v^ 



aVs „_ V2V5-2 
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CHAITEB 


IX 




6 


= 35° 


59' 






14i' 


'1' 




a 


= 30° 13' 






149' 


M7' 




a 


= 44= 


29' 






135' 


'31' 


6. 


A 


= 159' 


'39' 




B 


= 104' 
= 135- 


'14' 


8. 


A 


= ai= 


29' 




B 


= 131' 


'60' 




c 


= 97" 


42' 


11. 


a 


= 147' 


'37' 



136' 


'27' 


c = 78" . 


35' 


lor 


'25' 


e = 109' 


'52' 


70" 


8' 


A = 147' 


'34' 


5 = 66' 


3' 


(I = 157' 


'26' 


A = ISO'^ 


'5' 


B=no' 


'5T 


c^&S," 


47' 


= 53" 


45' 


6 = 153' 


'17' 


c = 121' 


'53' 


a = 129' 


= 30' 


6 = 166' 


'50' 



2. 4 -SO" 53' 

149" 7' 

3. ^ = 48" 11' 

131° 49' 

4. A = 83" 3ft' 
B = 127" 20' 



B = 73" 
c = 53" 8' 
a = 49° 2fl' 

6 = 43" 58' 6 = 136" J 

c = 62" 6' c = 53" 11 

(1 = 7° 59' 14. a = 49" 11 

6 = 21=58' B = 100" 

B = 70" 59' A = 49° 37' B = 163" 8' 

A = 30° 47' 17. A = 136° 53' 18. a = 141" 47' 

6 = 11° 36' 6 = 32° 29' c = 140" 37' 

c = 13° 26' e = 133" 18' B = 16° 26' 

B = 10° 23' 6 = 6" 16' c = 142° 41' 

169" 37' 173° 44' 37° 19' 

. A = 170° 50' 21. A = 25° 5' 22. a = 66" 12' 

B = 84"45' JI = 114"38' ft = 146" 25' 

6 = 55° 1' c = 168° 23' = 109° 39' 

. a=142°40' 24. J = 28"19' 

& = 78° 7' 6 = 110° 59' 

A = 142" 3' c = 108° 39 

. 6 = 33° 37' c = 101° B = 34° 20' 

146° 23' 70° 145" 40' 

, AzzW 12' 27. A = 68° 11' 38. a = 161° 32' 

B = 157" 47' B = 39° 43' 6 = 129° 57' 

a =43° 57' C=61°1I' c = 52° 28' 
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39. a = 168' 


'SO' 


30. 


4 = 124" 32' 




6 = 1.W 


■■20' 




6 = 16" 48' 




il = 99' 


40' 




c = 151° 57' 


31. 


& =20=23' 




B = 10" 35' 


C = 148" 10 




im" 37' 




169= 26' 


31° 50' 


32. 


^ = ur 32' 


33. 


A = 163" 16' 


34, a = 124" 38' 




Ot^JlPW 




B = 10" 55' 


6 = 46" 49' 




6 = 108° 20' 




a ^ 138= 36' 


B = 33° 43' 


36. 


B = 2S" 26' 




C = 30" 51' 


6 = 60° 50' 




156° 34' 


36. 


149° 9' 
B = 12= 7' 
= 139" 5' 
= 75" 40' 


i2r 10' 






CHAPTER X 




1. 


^ = 76" 


2. 


A = 138" 18' 


3. a = 88" 2' 




5 = 81° 




B = 31"]2' 


h = 51° 2' 




= 61" 




C = 35" 52' 


c = 42° 2' 


4. 


a = 101° 2' 


5. 


B = 41"32' 


e. A = 145° 23' 




6 = 4y° 




C = 79° 2' 


C=108°3' 




= 60'' 




a = 108° 10' 


6 = 126° 24' 


7. 


A = 105' 57' 


8. 


6 = 47" 49' 


9, a = 120° 25' 




C = 121° 4S' 




e = 72" 37' 


c = 71" 1' 




b = US' 5fi' 




A = 32° 16' 


B = 49" 52' 


10. 


a = 124" 57' 
=: 153= 47' 
B = 140" 26' 


11. 


B = 32" IS' 
C = 112" 8' 
c = 36° 30' 


12. No solution 


13, 


B = 90° 


14. A 


. ^ 36" 42' B 


= 160° 32' 6 = 148° 4 




C=138"32' 




143" 18' 


38" 62' 78" 




c = 146' 42' 








16. 


No solution 


16. 


C=90° 
b = 18" 15' 
B = 8° 2' 


17. a = 138" 34' 
6 = 155° 60' 
A = 100° Ifl" 


18. 


a = 63" 50' 




c = 156" 10' 


C = 155" 2' 




110^ 1' 




72° 54' 


87° 36' 


19. 


A = HO" 4' 


20. 


6 = 116° 19' 


21, B = 96°16' 




B = 131" 2' 




B = 114° 2' 


G = 66= 14' 




C = 147" 2' 




C = 90° 


6 = »9» 52' 
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22. 


a = 61= 2' 


23. B = 37''30' 


24, 


h = 6S°4e 




b = SS" 2' 


a = 33° 4S' 




^ = 67° 37' 




c = 92° 2' 


c = 64° 16' 




= 35° 17' 


25. 


(I = eO'^ 58' 
6 = 118° 
6 = 132° 2' 


26. a = 120° 20' 
^ = 110° 3' 
S = 90° 






27. 


a = 66° *V 
113° 20' 


c = 160° 64' 
102=3' 




C=164°38' 
127° 42' 





6 = 40° 34' 








29. 


B = 42° 15' 




C=I60°10' 


a = 163° 38' 




137° 45' 




49° 60' 


89f5S' 


30. 


^ = 44° 54' 


31. 


No solution. 


32. No solution 




a = 112° 14' 










t = 2S°53' 








33. 


J. = 89° 36' 




a = 138° 54' 


6 = 42=48' 




36° 48' 




26° 28' 


137° 12' 


34. 


A = 142" 


36. 


B = 58° 6' 


36. 6 = 96° 24' 




B = 159" 




6 - 61° 31' 


B = 54° 54' 




C = 138° 




c=90° 


C = 146° 38' 


37. 


A = 72° 54' 
a = 78° 30' 
6 = 112° 57' 


38. 


A = 61" 16' 
6 = 119° 47' 
c =69° 41' 




39. 


a = 129° 44' 
95=40' 




A = 131° 8' 
78° 68' 


111° 24' 


40. 


^ = 70° 44' 


41. 


b = 110° 50' 


42, a = 62° 42'. 




B = 132° 13' 




J. = 61° 36' 


6 = 126° 44' 




= 94" 64' 




C = 86°27' 


c =100° 42' 






CHAPTER XI 





1. Course at Baltimore : E. 37° 55' N. 

Course at meridian of New York ; E. 36° 14' N. 
Bearings Boston from Baltimore : E. 37" 55' N. 
Bearings Baltimore from Boston ; W. 34° 17' S. 
Distance sailed : 360 ml. 

2. Course at Liverpool : W. 14" 51' N. 
Coarsa at 55° W. : W. 26° 56' S. 

Bearings New York from Liverpool ; W. 14° 51' N. 
Bearings Liverpool from Kew York ; E. 40° 31' N, 
Distance sailed : 8803 mi 
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3. Course at Pernaml)uco ; S. 30° 35' E. arrives. 
Couise at Pernambuco : S. 29" 33' W. departs. 
Distance sailed ; 5141 mi. 

4. Course : S. 42° 32' E. 
Position : 39° 13' N., U" V W. 

6. Bearings Greenwicli from Washington : E. 40° iV N, 
BeaiLnga WasMngton from Greenwich ; W. W 33' N. 
Distance : 3669 mi. 

6. Distance: 11,660 ini. 
Position : 43° 42' S., 91° 25' E. 

7. PoaUon ; 56° 2' N., 153° 54' W. 

8. 117,700 sq. rai. 

9. Distance : 2398 mi. 
Course : E. 29° 6' N. 

10. 8 hours, nearly. 11. 35,580 sq. mi 

12. Baoe angle, 60° ; edge angle, 70° 32'. 

13. 19" 28' S. 

14. Face : 36° 53', 63° 8', 90°, 
Edge ; 180°, 0°, 0°. 



ANSWERS TO FIVE PLACES 
AUTHOR'S HOTE 

In sp nse t equests liat have amoimted, practically, 
to a demand the author is glad to supply the following 
answe s t p bl ms in the Plane Trigonometry worked 
with five place tables. It la very important, however, that 
the stud nt n na ng five place tables, should not be per- 
mitted t h ve n erroneous idea as to the accuracy of his 
results. No matter how many places his tables supply his 
results cannot be accurate to a greater degree of precision fha/n 
the data on which tliey are based. 

For example, in problem 14, art. 28, Chap. Ill, the nearer 
tree is said, in the new answer, to be taller by two- 
thousandths of a foot (one-fortieth of an inoh). If the 
distances given are supposed to be correct to thousandths of 
a foot and the angles to tenths of a minute, then this result 
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may be accepted. But witli the data as given ( 
correct to feet and minutes only) the new answer is mis- 
leading. In this ease the two trees, to the degree of accuracy 
of the measurements, are of exactly the same height. 

The student's judgment should be trained to select 
tables of accuracy in accordance with the data given. It 
should be noted that both four and five place tables are 
included in this volume. 









CHAPTER III 












Art. 28 






1. 


6 =: 339 .S 


2. 


A = 43° 4,9' 


3. 


A = 51' 4T.2' 




c = 421.63 




c = 54.89T 




6 = .43302 


4. 


6 = 477.7 


5. 


a =712.63 


6. 


6 = 96,381 




([=154.29 




c = 823.18 




c = 231,97 


7. 


70.092 ft. 


8. 


71.214 ft, 


9. 


60° 10,4' 


10. 


259.81 ft. 


11. 


183,72 ft. 


12. 


99,452 ft. 


13. 


43" 36.2' 


14. 


The nearer tree ; 


; .002 ft. 








Art. 33 






8. 


1.9124 


9. 


- .87384 






29. 


.69815 


30. 


1.0983 


31. 


1,3803 


32. 


.28121 


33. 


1.0286 


34. 


~ .30878 


35. 


4.4087 


36. 


338,27 


37. 


- 368,380 


38. 


.072108 


40. 


-311,74 


41. 


- 1746,2 


43. 


57,096 


43. 


.000031633 


44. 


.037276 


45. 


100 


46. 


3.3418 


47, 


.0013466 


48. 


1142.2 


49. 


3447.7 








SOLUTIONS OF RIGHT TRIAHGLES 


1. 


a ^ .046903 


3. 


a = 231S,5 


3. 


b = 24,849 




c - .051497 




b - 3402.3 




c = 36,099 




K=. 00049868 




ff= 3,940,800 




,fir=325,350,0( 


4. 


A. = 58° 10' 


5. 


a = 578,73 


6, 


a =z ,0088318 




b = 48.04 




c = 2491.2 




b = .0038072 




Jf= 1858.7 




B: = 701,100 




K = ,00001592! 
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^ = 63° 48.4' 


8. 


a = .64405 


9. ^ = 43=23.7' 


c = .46B41 




c = .65022 


b = .89660 


K=.0i3m 




K= .02878 


a: =.38009 


a = .0038451 


11. 


b = 5091 


12. 6 = 99.435 


6 = .0067231 




c = 5267,7 


e = 156.77 


S=. 000012926 




ff = 3,444,100 


s:=6026 


A = 70° 27.8' 


14. 


b = 63,841 


15. a = .0000057367 


- 841.98 




c = 92,292 


e=. 000021178 


^^ 65,030 






a = .00038901 


17. 


A = 27" 17' 


18. = 18.689 


6 = .00067716 




a = 4.2516 


6=30.514 


E=. 00000013202 


.C= 17.523 


.ff= 283-6 


b = 24,542 


20. 


J. = 43" 45' 


21. First ateeper liy 


c = 30,009 




e - 6279.8 


53,5' 


.^ = 211,020,000 




jr = 6,963,000 




25.551 mi. and 30.463 


mi. 




Mau'atima, 1.68 


min. 


; team's time, 1.44 min. 


3^25' 


35. 


647.68 ft. 


36, 14.708 in. 


9 lir. 28.3 min. i 


.H„ c 


r 2 hr. 31.7 mia. 


r.ji. 


By 10.076 ft. 


29. 


Buoy faither by 1133.3 ft. 


261.39 ft. 


31. 


8° 47.7' 


33. i ft, sliorter. 


1575.4 mi. 


34. 


67° 42.9' N. or S 




N. 58° 15.1' E. 


14.903 mi. 




N. 27° 13,5' E. 


7.2888 mi. per hr. 


37. 112.63 mi. 


4.3S01 mi. E. 30 N. 


rS. 


39. 127,86 mm, 


175.66 ft. 


41 


74.162 yd. 
CHAPTER VI 




6 = 085.83 


2 


A = 18° 59.9' 


3. 5 = 26° 53. 4' 


= 544.29 




= 52" 0.1' 


A = 18" 88.6 


7f=^ 192,990 




c = 8,191 


c = 673.97 






K=^ 1S.I04 


r= 46,002 


^1 = 49" 7.8 


5 


A = 100" S4.4' 


r 10° 21,6' 


B = 50° 17.6' 




C = 44° 58.6' 


135° 6.4' 


C = 7^35.4' 




a = 07.021 


12,261 


K= 1704.6 




JC= 014.2 


167,23 


a - 6183.0 


7 


B = 49°8.4' 


8. B^ 68° 89.6 


6 = 2936.9 




C - 50° 18.6' 


A = 33° 0.4' 


S= 7,607,000 




a = 70.488 


« ^ 180.06 






X^ 1703.3 


X= 23,385 



Ho;-dt,CoOgk' 



16. ^ = 64" 30.3' 17. No solution 

C - 94° 13.7' 
6 = .0136 



^=.08015 
16. A - iQ" 18.3' 



18. A = 46° 22.7' or 183" 87.3' 19. B = 22° 36.7' 

= 102° 30.3' 15° 15.7' 0=127'' 28.3' 

e = 8729.8 3353.7 a = .5593* 

ir= 14,602,000 3,036,900 A'=. 09571 

20. ,i = 134° 23.4' 21. C = 88° 48.8' 

3 = 18" 41.8' ^ = 57=41.2' 

C = 26° 54.8' a - .034608 

.K"= 4.6162 X=^ .00032311 

23. 33,679 sq.ft. 23. 13.591ft. 24. 30.388ft. 

25. 108.29 yd. 

3G. Width 124.6 ft. ; height above stream 13.976 ft. 
27. 472.26 ft. 28. 17.139 ft. 39. 300.61ft. 

30. 61,918 and 58.816 ft. 

31. A = 57° 20.3' B = 75° 43.2' C = 46° 66.6' e = 6.48U 

32. B = 63° 25.5' a = 46.447 ft. a = 52.491 ft. 

33. 11,321 and 7081.4. 

34. 3996.4 sq. ft. 36. J. = 7° 6.3' ; no. 

36. 21.674 mi. 37. 9° 17.1' with the surface of the water. 

38. 33.526 ft. 39. 89.701 ft. 

40. Second yadit by 1 min. 42 saa, 

41. At 82° 33.6' witli shore on the side towards the 60° angle. 

42. ^-0-Sby$658plus. 

43. ^0 = 162.27 ft. iJC = 319.7 ft. 

44. 441.03 ft. 45. 336.83 ft. 
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PREFACE 

Thk present editiim of this LioDk euiitaiiis several tables not contained 
in the previous ediciona. Tlie probability of tlie occurrence of errors has 
been minimized by using electrotype reproductions of tlie tables previ- 
ously included, even when changes were made. Remarkably few errors 
existed in the original edition ; what few have lie«a discovered have been 
corrected. 

Minor changes only occiu- in the earlier pages. Care has been taien 
to preserve the page numbei's of the principal tables up to page 114, so 
that older editions may be used in elass-work without eonfusion, and 
texts which contain tlie principal tables may be used in (he same class. 

Among the minor changes are the insertion of a condensed table of 
logarithms and antilogarithms (Table la, p. 20), the insertion of a table 
of values of S and T for interpolation in logarithmic trigonometrio 
functions (Table Ilia, p. 45), aad the.lnseraon on pages 1-19 of the 
logarithms of a few important numbers at appropriate points. 

The principal changes follow page 114. Tables VIU and IX (pp. 115- 
123) make reasonably compJete the tables of hyperboJio functions 
formerly represented only by Table XII (pp 112 114) These functions 
are of increasii^ Importance, notably in Electrical Bngmeerii^ 

The table of haversinea (Table X pp 123 125) will be welcomed 
particularly by those interested in navigation 

The table of factors of composite numbers 'wid logirithms of primes 
(Table XI, pp. 126-127) has obvious uses 

Tables Xn a, b, c, d, e, /, pages 128 132, are IntPnded for work in 
volving compound interest, annuities, depreciation, etc They will be 
useful for statistics, insurance, a(,w)unting, and the mathematius of 



The same care has been esercised to eliminate errors in the new tables 
tbat resulted in so great a degree of reliability in the original edition of 
these tables. 

E. R. HEDRICK. 



dt, Google 



CONTENTS 



ESPL A NATION 



E TABO 



TABLES PRINCIPALLY TO FIVE PLACES 

Table I. Common Logaeithks of Numdbrb . . 1-19 

Table la. Condbkbed Logarithms and Anti logarithms 20 
Table II. Actuat. Valukb of thk Tkioonome'Cbio Pitnc- 

■eiom 21-44 

Table Illa. Values of S and T for Ini-ehpolatiob . . 45 
Table III. Common Logarithms of the Trigonometric 

Fdnotionb 46-90 

Table IV. Eedijction of Dbgreeb to Eadians . . 91 

Table V. Trigonometric I'unctions m Rahias Mkaburb 92-93 

Table Vo. Rbduction op Radians to Degrees , . 93 

Table VI. Powers — Boots — RECirROCALS . . . 94-111 

Table VII. Napiebian or Natural Logarithms . . 112-114 

Table VIII. Multiples op M and of 1/JVf .... 116 
Taslk IX. Values and Logarithms of Hyperbolic 

Functions 116-122 

Table X. Values and Logarithms of Haveksinks . 123-125 

Table XI. Factor Table — Logarithms of Primes . 126-127 

Table XI1<i. Compound Interest 128 

Table XII6. Compound Disooubt 129 

Table XUc. Amount of an Annuity 130 

Table Xnd. Present Value of an Annuity . . . 131 

Tabi-e Xlle. Logarithms for Interest Computations . 132 

Table XU/. American Experience Mortality Table . 133 

Table XIU. Important Constants 183 

BRIEF TABLES — PRINCIPALLY TO FOUR PLACES 

Table XlVff. Common Logarithms ..... 134^135 

Taulb XIV6. Aniilooarithms 136-137 

Table XIVc. Values and Loqakithms oi^ T moo no metric 

Functions , 138-142 

Ho;-dt, Cookie 



EXPLANATION OF THE TABLES* 



TABLE I. FIVE-PLACE COMMON LOGARITHMS OF 
NUMBERS FROM 1 TO 10 000 



1. Powers of 10, Consider the following table of values of powers of 10; 



CO.... A 




COLVMX B 


Column A 




COIUMS B 


10^ 


= 


10 


10° 


= 


I. 


102 


= 


100 


10-1 


= 


.1 


103 


= 


1000 


10-s 


= 


.01 


IW 


= 


10000 


10 -s 


= 


.001 


105 


= 


100000 


io-» 


= 


.0001 


108 


= 


1000000 


10-^ 


- 


.00001 


10' 


= 


10000000 


10-s 


=. 


.000001 


108 


= 


lOOOOOOOO 


lO-i 


= 


.0000001 


10» 


- 


1000000000 


10-5 


= 


,00000001 


lO'i 


= 


10000000000 


lo-s 


= 


.000000001 



This table may be used for multiplying or diyiding powers of 10, by 
means of the rules 10= ■ 10' = 10"+', 10" ^10* = 10=-'. Thus, to multiply 
1000 by 100,000, add the exponent of 10 in column ^ opposite 1000 to the 
esponent of 10 opposite 100,000: 3 + 5 — 8 ; and look for the number in 
column ^opposite 10', i.e. 100,000,000, Similarly 1,000,000 x .0001 = 100, 
since 6 +(-4) = 2. 

To divide 1,000,000 by 100, from the exponent of 10 opposite 1,000,000 
subtract the exponent of 10 opposite 100 ; 6 — 2=4; and look for the 
number opposite 10*, i.e. 10,000, Similarly ,00 1^1, 000 ,000 = .000000001, 
since — 3 ~ 6 = — 9. To find the 4th power of 100, multiply the exponent 
of 10 opposite 100 by 4 ; 4x2 = 8, and look for the number opposite 10^, 
i.e. 100,000,000, Likewise (.001 )S = .000000001, since 3 x (- 3) =- 9. 
To find the cube root of 1,000,000,000, divide the exponent of 10 opposite 
1,000,000,000 by 3, 9 -=- 3 = 8, and look for the number opposite 10°. 



Bsplic 



!C tables, 



irtbe 



dt,C00gk' 



Viii EXPLANATION OP THE TABLES [§2 

2. Common Logaiithms. The exponent of 10 in any row of column A 
is called the common logarithm* of the number opposite in columnii; 
thus log 10 =: I, log 100 = 2, log 1000 = 3, eto. ; log 1 = 0, log , 1 = — 1 ; 
log .01 =-2, log .001 =-8, etc. In general, if lO* = ji, ; is called the 
common logarithm o/ n, and is denoted bj log n. 

3. Fundamenta Pr n p es Logarithms ara useful in reducing the 
labor of perf -mi ae f operations of multiplication, division, 
raising to pow rs i ac n oots, as above ; they Iiave no necessary 
connection wi h ig n m y amce all the operations could he performed 
without them bu h y a-e a grea,t labor-saying device in arithmetical 
computations. Th y d n ap ly to addition and subtraction. 

The princip a o t appli ation are stated as follows : 
L Tke logarithm of a product is equal to the sum of the logarithms of 
the factors : log ab = log d + log 6. This follows from the fact that if 
10' = a and 10^ = 6, lOH-i = a . 6. In brief : to multiply, add logarithms, 

II. The logarithm of a fraction is eqaal to the difference oUained by 
subtracting the logarithm of the denominator from the logarithm of the 
numerator! log (a/6)=log(i — log6, iFor, if 10' = a and 10^ = &, llien 
10'-'^ = 0^6. In brief : to divide, subtract logarithms. 

III. The logarithm of a power is equal to the logarithm of the base 
multiplied by the exponent of the power .■ log a* = 6 log a. This follows 
from tie fact that if 10' = a, then 10" = a'-. 

TV. The logarithm of a root of a number is found by dividing the loga- 
rithm of the number by the index of the root .■ log v^ = (log a)/6. Tliis 
follows from the fact that if 10' = a, then 10'/' = a'^ = Va. 

Corollary of II. The logarithm of the reciprocal of a number is the 
negative of tke logarithm of the number: log (1/a) = — log a, since 
log 1 = 0. 

4. Characteristic and Mantissa. It is shown in algebra that every 
real positive number has a real common logarithm, and that if a and 6 
are any two real positive numbers such tliat a < 6, then loga<log6. 
Neither zero nor any negative number has a real logarithm. 

An inspection of the following table, wiiicti is a restatement of a part 



a 


1 


10 


100 


1000 


10000 


100000 


lOOOOOO 


10000000 


log a 





1 


2 


3 


i 


6 


6 


7 



rthebsEO 10; other aysloms of !ogJirillima have 
ms(ae6TililaVII,p,n2) have s base denoted by 
proximsleJy e.nsas. When it fe necossary to call 
n will mean common loKirlUim of n ; loge n will 
Id this t>ool[ log A deuotes logw'^ ohieee otberwlae 

Ho-odt,CoOgk' 



§4] COMMON LOGARITHMS IX 

of the table of % 1, p, v, shows that 

the logarithm of every number between 1 and 10 is a proper fraoUoa, 

the higarithia of eyerj number between 10 and 100 is 1 4- a fraction, 

the lo^^anthm of every number between 100 and 1000 is 2 + a fraction ; 

and so on. It is evident that ilio logarithm of every number (not an 

exact power of 10) consists of a whole number -|- a fraction (usually 

written as a decimal). The whole number is called the characteristic ; 

the decimal is called the mantissa. The characteristic of the logarithm 

of any number greater than 1 may be determined as follows ; 

Rule I. The ckaracteristCa of any namber greater than I is one less 
than the number of digits before the decimal point. 
The following table, which is taken froin § 1, p. v, shows that 



a 


.0000001 


.000001 


.00001 


.0001 


.001 


,01 


.1 


1 


log a 


-7 


-6 


-6 


-4 


-S 


~2 


-1 






the logarithm of every number between .1 and 1 is — 1 -f a fraction, 
the logarithm of every number between .01 and ,1 is — 2 + a fraction, 
the logarithm of every number between .001 and .01 is — 8 -f a fraction ; 

Thus the characteristic of every number between and 1 is a negative 
whole number ; there is a great practical advantage, however, in comput- 
ing, to write these characteristics as follows; — 1 = B~10, —2 = 8—10, 
- S = 7 - 10, etc. E.g. the logarithm of .562 is - 1 + .74974, but this 
should be written 0,74974 — 10 ; and similarly for all numbers less than 1, 

Rule II. The eharaeterisUe of a number less than 1 is found by sub- 
tracting from 9 the nuinber of ciphers between the decimal point and Ike 
first significant digit, and writing — 10 afler the reswlt. 

Thus, the characteristic of log 845 is 2 by Rule I ; the characteristic of 
log84.5islby (I); of log 8.45 is by (I); of log. 845 is S- 10 by (II); 
of log .0846 is 8 - 10 by (11). 

An imporiant conaeq^uenoe of what precedes is the following : 

To move the decimal point in a given number one place to the right is 
equivalent to adding one unit to its logarithm, because this is equivalent 
to multiplying the given number by 10, Likewise, to move the decimal 
point one place to the left is equivalent to subtracting one unit from the 
logarithm. Hence, moving the decimal point any namber of places to 
the right or left does not change the mantissa but only the characteristic* 

Thus, 5346, 5.S45, 534.5, .05345, 634500 all have the same mantissa. 

* Another rule for f ndlng tbe characterlstia, based on thla property, Is often neefn] i 
if tho Sodmnl point were jnst nfWr the lirBl signmoant flgura, the oharaoterlstlo would be 
z(ro ; at&rt at this point md oonnt the dtglta paaaed over to the left or rl^ht to tbe ictDBl 
decimul point ; tho nnnabcr obtained is tbe characterlatio, eioept for slgE ; the sign la nega- 
Uve 1( the movement was to the left, po^Ove If the movement was to the right. 
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X EXPLANATION OF THE TABLES [S 5 

6. Use of the Table. To use logarithms in computation we need a 
table airanged so as to enable us to find, with as little efioit and time as 
possible, the logaritlims o£ given numbers and, vice versa, to find numbers 
when their logarithms are tnovni. Since the characteristics may he 
found by means of Rules I and II, p. is, only mantissas are given. This 
is done in Table I. Most of the numbers in this table are irrational, and 
must be represented in the decimal system by approiimations. A five- 
place table is one which gives tJie values correct to five places of decimals. 

Problem 1. To Jind the logarithm of a given ntimber. First, deter- 
mine the characteristic, then look 'n the table fo the mantissa. 

To find the mantissa in the table when, the "Iven number (neglecting 
the decimal point) consists of four or less d ts (e clusice of ciphers at 
the beginning or end), look in the olun m k 1 iVfor the first three 
digits and select the column head d by tl e f rtb digit : the mantissa 
will be found at tbe intersection of this ow ant tl is column. Thus to 
find the logarithm of 72060, observe fl t (Rule I) that the characteristic 
is 4. To find the mantissa, fix attention on the digits 7205 ; find 720 in 
column JV, and opposite it in column 6 is the desired mantissa, .86763 ; 
hence log 72050 = 4.85763. The mantissa of .007838 is found opposite 
782 in column 8 and is .89354; hence log .007826 = 7.8S364- 10. 

6. Interpolation. If there are more than four significant figores in the 
given number, its mantissa is not printed in the table ; but it can be 
found approximately by assuming that the mantissa varies as the number 
varies in the small interval not tabulated ; while this assumption is not 
strictly correct, it is sofHciently accnrate for nse with this table. 

Thus, to find the logarithm of 72054 we observe that log 72050 = 4.8576S 
and that log 72060 = 4.85769. Hence a change of 10 in the number causes 
a change of .00006 in the mantissa ; we assume therefore tiiat a change of 
4 in the number will cause, approsimatcly, a change of .4 x .00006 
= .00002 (dropping the sixth place) in the mantissa ; and we write 
log 72054 = 4.85768 + .00002 = 4.85765. 

The difference between two successive values printed in the table is 
called a tabular diSerence (.00006, above). The proportional part of 
this difference to be added to one of the tabular valnes is called the cor- 
rection (.000002, above) , and is found by multiplying the tabular difference 
by the appropriate fraction (.4, above). These proportional parts are 
usually written without the zeros, and are printed at the right-hand side 
of each page, to be used when mental multiplications seem uncertain. 

Slsam^lel. Find fhe logarithm of .001264T. Opposite 128 In column 4 And .10115; 
ttiets\iul8rdifflerenoeiB84(ieroB droppefl) ; .T mS4 is glyenin the marglii mM; this cor- 
reotion added glies .10199 us the mantlsss of .0013M1 ; hence log .(1012647 =■ T.10139 - 10. 

Ex-ampWi. Find Ihe loffsplthm of 1.85643, Opposita 165 in colomn 8 flod .BOaffi; 
lahular diffmciice 43 ; .48 » 33 is glren in the margin aa 10 ; thia correction added gives 
.26868 M He mantlaaa of 1,85643 ; hence log 1.86648= 0.85863. 
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§ S] COMMON LOaARITIiMS xi 

7. Keverse Reading of the Table, Pkoblem 2. To Jind t!i,e number 
ioheTi its logarithm is known.* Eirst, fixing attention on the mantissa 
only, find from the table the number having this mantissa, then place the 
decimal point by means of the two following rules : t 

EuLE IIL ff the characteristie of the logarithm is posUive (in which 
ease the manUasa is n-ot followed by — 10), begin at (Ae I^, count digits 
one more than the characteristic, and place the decimal poiTit to the right 
of the last digit counted. 

RoLB IV. ffthe characteristic is negative (in which case the mantissa 
loUl be preceded by a number n and followed by — 10), pr^ 9— n 
ciphers, and place the decimal point to the left of these ciphers. 

since the manHsaa Is 23T3T, ve look fur 22 la tbe Qrst colama and to the right and belov 
imn 8 opposlle 108. The nuuibcr Is tLerefore 1(188. Sfoca Ihe 



Example 3. eitsn log m = 2.24912, to find lo. 

This immliBBB Is not found in the tiblB ; in Bucli oaeea wa interpolata &g follows ; eeleot 

sponiliQg nDmber ; here. i:rT4 ; tlis t^Dlsr diffsrenoe Is ii \ the lotnsi di9erenco (found bf 
subtracting the mantlsBa of \11i from the given manClses) la 17 ; lience the |>roportlouaIlt]r 
foctnr la i;/2G — .68 or .1 (tu Ihe nearest tenth). Singe moring the decimal point doee not 
affect the mBntiSM, it follows that the digits in the required number ate ITIil (to Atb places). 
The characteristic 2 directs to ocnnt 3 places from the left ; henoB ^ =• 177.4.7, 

EuLB. In general, when the given mantissa is not found in the table, 
write down four digits of the number corresponding to the mantissa in the 
table next less than the given mantissa, determine a fifth jig'are by dividing 
the actual difference by the tabular difference, and locate the deeimal point 
by means of the characteristic. 





To find 882.43 X 30S.43 X 18-325 X ,0(10178. 
leg 832,43 -!.9M3i 
log 802,43 - 2.480S2 
log 16.728 = 1.22337 
los ,000178 - 6,350*9 - 10 (addl 

log R> = 2.67475 whence X - 749.4T. 




^""" 


To find 461.23^31.4, 

log 21.4 = 1.3S041 (suhlract) 




cne place to tt 


le right for each positive unit in the characteristic, one place f 


Icolmal poin 



Ho-odt, Google 



EXPLANATION OF THE TABLES 



Reample i. To Sc 



Illustration of Cologarithms 
. 49.25 xi.3a.rex.n» . 



We might ndd (hs logartUima of the ftotora In the nunierator find from thla anm anbtisol 
the logarifhm of the aeDomloatnr; but we can ahorten tbe operstlon by aading the nogB- 
tiva of the logmlthm of tHe denomtnator Inateail of aubtMcting the logarithm Itself. The 
negative of tbe logaiithLa of a Dumber (when written la convenient form for oomputaUeu) 
la called the cologarjtlim of the number. Ve may lind the negative of any nnmber iiy 
eubtraoUng It from leva, and It la convenient In logarithmic compulation lowriteieroin the 
formlO.OOOOO-10. Thus the negative of 2.1T la 1.8^-10; tbe negative of 1.1432 - 10 la 
S.3563, liememberlng that the aotDgarlthm of a Dumber is Its negative we have tbe Ibllow- 
iDgmle: 

To find titt colo'jariiim qf a immber hegitt at (S« left of ifa lagariiAm (toeiuiiinc 
the cJiaraelerlsUo) and subtract each digit frvm 9, poespt the last,* tehi^ aubirael 
from 10; if the loga^rUtm has not -- 10 after the numiisiia, tcrite- 10 iffter the result; 
if the hffarithm has -^ lOc^erthe maiittssa, do not 'writs — 10 after the remits 

B; this rule the aologsrlthm of a nnmber can be read directly out of the table without 
taking [he liMOblo to writo down the logarithm. Attention must be given not to (iirget Cb.' 
cbaraetsriatic. The use of the cologarithm la governed by the principle ; 

J\ddlnff ths cologaritlbm is equivalent to Bub^actirtff the iogarithtn. 

Returning to the computation of the given problem we ahouid write : 

iog4aa5=i.assBo 
logiBs.ia-a.iasoT 





Jolog 1415.8- 6.M91B- 10 (odrt) 




logaj-9.e9TW-10 whenceffl-,7 


SDamtilei Find the 5th 


power 0(7.26842 




lorT.2fiS42- [l.36m 




(mulUplj) 




loga=4,3CBao whence a- 2023B. 








log .007564=187876-10. 




■ the dlTialon by 4, - 10 afler tbe mantis? 




) 




loe,007eM-87.87875-4C. (divide by 4] 




logB~ e.4fl9a9-10 whence B = 


Sample H. Find the valu 


"V (fl8.7B)(-18a.3) 


We have no logarithms of 


negBlive numbers, but an inapeoUon of ; 


that the result will be negati' 




poalive, once we procee 


log 84.65 = 1, 5&S4B 








10E43.5~l.fi884» 




eolog»8.J6-8.M04fl-10 




colog ie«.3 - 7.73979 - 10 (odd) 




1.84503 (divide by 1 




log{- ^) = 0.81501 whsncea;. 


•If the logarithm ends in 


ma or more ciphers, tho laat slgnlflcant d 
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THE SLIDE RULE 



9- Tte Slide Rule. A slide lule consists at two pieces of the shape 
of a ruler, one of which slides in grooves in the other ; each is marked 



1 ^ 

B 


m 


ff''lll|l.'''l!l'l!ll':')iW' 


iffJ^ 


C 
D 


until 
1111 ii 


iti-lWlfl^ ^!l 


nm^ 



(Fig. 1) In divisions (scale A and scale B) whose distances fi'om one end 
are proportional to the logarithms of the numbers marfeed on them. 
It follows that the sum. of two logarithms can be obtained by simply 




Fia. 2 



sliding one rule along the other ] tbus if (see Fig. 2) the point marked 1 
on scale Jl is set opposite the point marked 2.5 on scale A, the point on 
scale B marked 2 will be opposite the point on scale A marked 6, since 
log 2.5 + log 2 = log 5, Likewise, opposite 3 (scale B) read 7.6 (scale A) ; 
opposite 2.6 (B) read 0.25 (A), i.e. 2.6 x 2.6 = 6.25. 

Other multiplications can be performed in an analogous manner. Divi- 
sions can be performed by reversing the operation. Thus, if 4.5 {B) be 
set on 11.26 (A), then 1 (B) will be opposite 2,6 (A), as in Fig. 2. 

Scales C and D are made just twice as large as scales A and B. It fol- 
lows that the numbers marked on C and D are the square roots of the 
numbers marked opposite them on scales A and B. 

For a description of more elaborate slide rules, and full dlreotmns for 
use, see the catalogues of instrument makers. 

A slide rule for practice may be made from the cut printed on one of 
the f!j-leaves In the back of this book. 
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Xiv EXPLANATION OP THE TABLES [§ 10 

Id. CONDENSED LOGAKITIIMS AN"D ANTILOGAKITHMS 

10. Method of Computing Logarithms. This table is a roarrai^eineiit 
of tlie condensed table given by IloUel.* From it, the logarithm of any 
number whatever may be obtained to vrithin 5 in the fifteenth place ; or 
to any desired degree of accuracy less than this. 

To illustrate the process, we shall compute log »• to nine places. Tak- 
ing T = 3.14159265353979, vje divide it by 3, the first significant digit, 
obtaining ir/3 = 1.04719 756 .... We then divide this quotient by 1.04, 
etc., obtaining finally 

IT = 3(l.O4)(l.OOa)(1.0O09)(1.00O01 5217225). 
We can obtain the logarithm of each of the first four factors from this 
table. The logarithm, of the last factor can be obtained by multiplying 
its decimal part by 3f = .43429 44819 ; for the error made in writing 

is less than Mx^/2. We find Mx either by using the fact that the last 
column in this table gives multiples of M, or (preferably) by Tabic VIII, 
page 115. Adding the five logarithms just mentioned, we find 

log7r= .1971498727 4, 
which is surely correct to within 1 in the tenth place. The correct value 
is .497:4987269-.. 

The process may be applied to any other number in in analogous min- 
ner. Such high-place logarithms are occasionally needed m statistn,al 
work and in the preparation of tables. 

11. Method of Computing Antilogarithma. The condensed table of 
antilogarithms gives eleven significant figures (ten decimal places) From 
it, the antilogarithm of any number can be computed to withm 5 m the 
tenth significant digit. 

Thus, to compute the antfiogarithm of .4342944819 to 8 significant 
figures, we may write 

10.43«»«8U = (IO4)^10.O3)(10JHH)(I0-"»2)(10-™«»)(10.CW™«819). 

The first fiTe factors may be obtained directly from the table. The last 
factor may be calculated from the formula 10" = 1 + (1/M)x. The error 
in this formula is less than 8 in the (2 fc)th decimal place if s is Ims than 
(.1)*, where fc>l. 

However, a much more rapid process depends on the use of Tables I and 
XI with this table. Thus, by Table I, I0-«*2'' = 2.718, nearly. By Table 
XI, log2.718 = .4S42494524.... Hence icHM29Mei9=(2.7i8)(io.™™50!9S) 
= C3.718)(10'««»*)(10'«™»'^). Obtaining the second factor from this 
table, and the last factor from the formula lO' = 1 -f (1/M)z, by Table 
Vni, we find 10'«"»*«w = 2.718281826; while the correct value is 
2.718281828 .... This process requires only two long multipHcations. 

> HoifKi., Becaeil de JVmnuies el de Tables nuinMyiies. 
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5 12| TRIGONOMETRIC FUNCTIONS XV 

n. FIVE-PLACE TABLE OF THE ACTUAL VALUES OF 
THE TRIGOKOMETEIC FUNCTIONS OF ANGLES 

12. Direct Readinga. This table gWes tte sines, coaines, tangents, 
and cotangents ol tiie angles from 0° to 46" ; find by a, simple device, 
indicated by the printing, the values of these functions for angles from 
45° to 90° may be read directly from the same table. For angles less than 
45° read down the page, the degrees being found at the top and the min- 
utes on the left ; for angles greater than 45° read up the page, the degrees 
beii^ found at the bottom and the minutes on the right. 

To find a function of am angle (anoh as 15°2T.6, for example) which 
does not reduce to an integral number of minutes, we employ the process 
of interpolation. To illustrate, let us find tan 15° 27'. 6. In the table 
we find tan 15° 27' = .27638 and tanl5°28' = .37670 ; we know that 
tanl5°37'.8 Ues between these two numbers. The process of interpola- 
tion depends on the assumption that between 15° 27' and 15" 28' the tan- 
gent of the angle varies directly as the angle ; while this assumption is not 
strictly true, it gives an approximation sufficiently accurate for a flye-place 
table. Thus we should assume that tanl5''27'.5 is halfway between 
,27638 and .27670. We may state the problem as follows : An increase 
of I' in the angle increases the tangent .00032 ; assuming that the tangent 
varies as .the angle, an increase of 0'.6 in the angle will increase the tan- 
gent by .6 X .00082 = .00019 (retaining only five places); hence 
tan 16° 27'.6= .27638 + .00019 = .27657. 

The difference between two successive values in the table is called, as 
in Table I, the tabular difference (.00032 above). The proportional part 
of the tabular diBerence which is used is called the correction (.00019 
above), and is found by multiplying the tabular difference by the appro- 
priate fraction of the smallest unit given in the table. 

Seamplel, Slnd sin B3°C2'.S. 

Wefind Eiin6S°fi2' = .89ni; 

libnlar diOeieDce^ .00013 (subtrBctea mentally frum tbe isble), 
correcUon = .8j<.OOl)13=.Oll01l) (to be added). 
Hence ela 63° 52'.8 - .8978T. 



(to be entitracted because tlie coaine deereaaea as the angle lucreaaea). 

EuLB. To find a trigonometric function of an angle by iTiierpolatitm : 
select the angle in the table which is next Bmaller than the given angle, and 
read its sine (cosiii« or tangent or cotangent as the case may 6e) and the 
tabular difference. Compute the correction as the proper proportional 
part of the tabular d^erence. In case of sines or tangents »Ai the correc- 
tion ; in atse of coaines or cotangents, subtract it. 
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XVI EXPLANATION OF THE TABLES [§ 13 

13. Reverse Readings. Interpolatioa is also usoii in findirg the angle 
when one of ita fmictions is given. 

EssampU 1. Glveo sin «= .32S48, tt And ic 

Looking io Uie table we Snd tho sioe whicb Is next Less tbun Ike given eino to bo MW.% 
and this belongs to 19° 10'. Subtcaot the Tslae of the sine selected from the given sine to 
obtain the actual dilfereDce-, 00013; note that tho tsbulardiifereace^.OOOal. Thaactnal 
difl^ence divided by the tabular dlS^euce gives tbecorreetlon-lS/3T-.Siis tiie decknal 
of amlDUlfi ttobe added). IIenceiB=10''lO'.6. 

EttampUi. GivencosB-.aMSa, toflnda. 

The COBine In the table next leas than this Is .23429 and bekinga to JS° 29' ; tho labular 
diSerenos Is 23; the actual difference Is 3; correcUon-S/33= .1 (to be snhCi'acted) . 

Rule. To find an, angle vihen one of to trigonometric futuMons is given : 
select from, the table the same named function wiAicA is next less than the 
given fanctum, noting the corresponding angle and tlie tabidar d^g'erence ; 
emnpute the actual diffe''^'t''B (between the selected value of the function 
anij the given, value) and divide it by the tabular difference ; this gives tJie 
correction vikie/i is to be added ^ tlie given function is sijie or tangent, 
and to be subtracted if tlie given, funciion is cosine or cotangent. 

III. FIVE-PLACE COMMON" LOGAEITHMS OF THE 
TRIGONOMETRIC FUNCTIONS 

14. Use if the Table. If it is required to find the numerical value of 
sc = 27.86 X sill 51° 27', we may apply logaritlims as follows : 

log 27.85 = 1.44483. 
log sin 51° 27' = 9. 89324 -^ 10 (add) . 

loga; = 1.33807 a = 21.78 

The only new idea here is the method, of finding log sin 51° 27', which 
moans the logarithm of the sine of 51" 27'. The most obvious way is to find 
in Table I, sin 51= 27' = .78206, and then to find in Table II, log .78206 
= 9.89324 ~ 10, but this involves consulting two tables. To avoid the 
neeesaty of doing this. Table III gives tho logarithms of the aines, 
cosines, tangents, and eotangents. The arrangement and the principles 
of interpolation are similar to those given on p. viii for Table I. The sines 
and cosmes of all acute angles, the tangents of all acute angles less than 45" 
and the cotangents of all acut« angles greater than 45" are proper fractions, 
and their logarithms end with. — 10, which is not printed in the table, but 
whioh should be written down whenever such a logarithm is used. 

Esampli 1. Find log sin 68° 2S'.4, 

On tlie page having 08° at tbe bottom, and In the row having 2&' en the right find log 
sln63''26' = 9.efi84S~10, tho labulBr dlfferenco is 5; .4x6l3^ven In the margin as 2; 
this Is tie cocreetlon to be added, giving log alne3''25'.4-B.9fiS4n - 10. 
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RADIAN MEASURE 



Tho logarithmic coalne nest leas than thogiisu one Is O.Tasaa-lOsna belongs toET'03'; 
the uutuat dllTerence la IB ; tbe tabular difference Is 10 ; hence the conectlon Is 19/SUa= I.B 
(to tlie nearest t«nCh); (anbtraot); beawx=6Tm\0. 

In finding Ic^ ctii « for any angle «, note that log ctn a = — \og tan «, 
since ctn a = l/tan a. Hence the tabular diff'erences for log ctn are pre~ 
eisely the scmte as those for log tan throughout the table, but taken in 
rewrsed order. Likewise, log sec « = — log eos a, log ceo « = ~ log sin « ; 
hence log see a and log esc a are omitted. 

For angles near 0" or near W, the interpolations aw not very accurate 
Lf the dJiferences are large. For the calcnlatioii ot sine or tangent near 
0°, Tdtile nio, page 45, gives the values of 

8 = log sin A -log A' and T = It^ tan J - log A', 
■where A is tile given angle and A' is the number of minutes in A, for 
values of A hetween 0° and 3°, Then 

1(^ sin 4 H log A' + S and log tan A = log A' + T, 
for small angles. Moreover, since we have cos ^1 = sin (00° — 4) ami 
ctn-i = tanCSO°-.d), 

log oos4 = log (90° ~A)'+S and log ctn A = log (90" - Ay+ T, 
when A ia near 90°. 

Another method practically equivalent to tho preceding ia to use the 
approximate relations 

log sin A ~ log sin B = log A' - log B' 

log tan A — log tan B = log A' — log B', 

where A is the given angle and B is the nearest angle to A that is given 

in the tatle. If -i<3'' and \A~ BI<1', these formulas givelogain^ 

a.nd log tan A to five decimal places. 

IV-V. RADIAN" MEASURE 

15. Computations in Radian Measure. The reduction of degrees to 
radians is facilitated tiy Table IV — Conversion of Degrees to Badiana. 
Since w radians = 180°, this table may be regarded as a table of multiples 
of ir/180. 

Tbe values of siniE, cosB, tans, are stated for every angle i from 0.00 
radians to 1.60 radians at intervals of .01 radian in Table V — Trigo- 
notaetrtc Functions in Radian Measure. The values of any of these func- 
tions for larger values of x may be computed by first converting tbe value 
of tbe angle in radian measure to degree measure, by Table Va, and then 
finding the value of the function from Table II. 

Tbe reduction of radians to degrees can bo performed directly by Table 
V ; or, for greater accuracy, by the aupplementar.y Table Va. 



Ho-odt, Cookie 



XVUl EXPLANATION OF THE TABLES [§ 16 

VL POWERS— BOOTS— EECIPROOALS 

16. Arrangement. This table is arranged so that the sq^uare, cube, 
square root, cube root, or reDiproeal can be read, directly to five decimal 
places for any number n of three significant figures. To attain this, not 
only nS, n\ Vn, \/n, l/ii, but also vTOn, ■v'lOn, a/ToOji are printed on 
every page. All yalues have been carefully recomputed and oheelied. 

Thus to Sod VlH, read in V^ coEumn tbe reanlt : 1.08161." To find •/iLT, rend in 
the same line, in VWa column the result ; 3.4200S. To And vTTf, resd 10 tiiqea the 

Similarlr, -v/nT-. 1.05318 from -^oolnmn; i/KT= 2.^1019 from ^e earns line Id 
v'iOn oolumn ; -v/m- 4,89 W ftom *Ae sums «na in -vTOOn column. 

The effect of a change in the decimal point in n2, ns, and 1/n is only 
to shift the decimal point in the result, without altering the digits printed, 

VII. NAPIERIAN- OR NATURAL LOOARITHMS 

17. The Base e. — Natural logarithms. The number e = 2.7182818 ■-. 
is called the natural base of logarithms, Tke logarithms of numbers 
to this base are given in Table Vn at intervals of .01 from 0.01 to 
10.09, and at unit intervals from 10 to 409. The fundamental relation 
logj n = log, 10 X logio n enables us to transfer from the base 10 to the 
base e, or conveisely ; where log, 10 = 3.30258609. 

Vni. MULTIPLES OP M AND OP \/M 

18. Multiples of M and l/M. This table Is convenient whenever a 
number is to be multiplied by M or by 1/Jlf . This occurs whenever it is 
desired to change from common logarithms to natural logarithini9, or con- 
versely, smce M = logiu e and since we have 

logioS— (log.!i;)(Iogio«) = JK'logeiC and log^i = 0/3t) logmu'. 
Other formulas that require these multiples are 
login e^ = IE login e = X ■ Jlf and log,(10".iE) = \og,x + n(_l/M) : 
and the approximate formulas (see gg 10, 11, p. xiv) 

logio(l=i=») = ±a;. jtf and 10±' = 1 ±(1/Jf)a. 

IX. VALUES AND LOGARITHMS OF HYPERBOLIC 
FUNCTIONS 

19. Hyperbolic Functions. This table gives the values of e^, e-, 
sinh s, coshx, tanha; ; and thelogaritbms of c, sinha, coshs, at varying 
intervals from it = to a; = 10. It is to be noted that loge""' — — lege' 
and log tanh x = log sinh x — log coah x. The table may be extended 
indefinitely by means of Table VIII, since It^io e'' — x- M; for this reason 
Table VIII may be regarded as a table of valuea of logio e'. 
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§ 221 VALUES AND LOGARITHMS XIX 

X. VALUES AND LOGARITHMS OF HAVER8INE8 

80. Haveraines. This table gives the values Emd Hie logarithms of the 
havereines of aDglea from 0° to 180° at intervals of 10*. The haveraine, 
which means half of the versed sine, is 

hav4=(l/2) vera.i = Cl/2)Cl-cos-i); 
hence its values to five places may be computed from the tahle of cosines, 
it is iii9ed extensively in navigation, and it may be used to advantage In 
the solution of ordioary oblique triai^les. 

XI. FACTOR TABLE — LOGAEITIIMS OF PRIMES 

SI. Factors of Composite numbers. Logarithms of Primes- The 
uses of this table are evident in questions involving factoring, aJid for 
finding high-place logarithms of numbers whose prime factors are leea 
than 2018. 

We shall illustrate the finding of logarithms of other numbers by finding 
log IT. Taking 1 = 3.1415928536, divide by 3 (the first digit), obtaining 
1.0471875512 -■.. Divide this quotient by 1.047 (in general, by the nearest 
first four digits) , obtainii^ 1 .00018 8883 ■ ■ ■ , By Table VHI, the approxi- 
mate formula log(l ±x) = ±a- M gives 

log 1.000188683 = .000081943 (Table VHI) 



ig 1.047 = log 3 + log .349 = 



while the true value of log ir 



: .47712 12547 (Table XI) 

: .01994 66S17 (Table XI) 

= .497149879 
.49714987269, so that the error is iess 
than 1 in the eighth place. In general, this process will give the logarithm 
of any number to within 6 in the eighth decimal place, and the probable 
error is less than 1.5 in the eighth place. For still greater accuracy, see 
Table la and § 10. 

Xn. INTEREST TABLES 

22. Interest Tables. Tables XII a, 6, c, d give compound mterest 
and annuity data for various per cents up to fifty years. Aside fi om the 
obvious uses, formulas involving this data will be found in works on 
statistics, accounting, and the mathematics of business. 

Table Xlle gives the logarithms of (1 + r) to fifteen placet., for all 
ordinary values of r from 1/2 9fc to' 10^. For other values of », 
log(l + r) may be computed from Table la (see § 10). The final result 
in interest calculations may be obtained to nine significant figures by the 
antilogarithms of Table To (see § 11). 

Table XII/ is the American Experience Mortality Table. 
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EXPLANATION OP THE TABLES [§§23.24 



XIV. FOUR-PLACE TABLES 

23. Four-place Tables. These are duplicates of the preceding five- 
place tables, reduced to four places, and with larger intervals hetweeii 
the tabulations. The value of such four-place tables consists in the 
greater speed with which thoy can he used, in case the degree of accuracy 
they afiord is sufficient for the purpose in ha d 

XlVa. Logarithms of Numbers. The only Hpe al feat ue of tt s ta le 
Is that the prt^orlional parti are printed fo everif te th eoery tow 
hence the logarithm of any number of fox r sigj ficant figures a be 
read directly. 

XIV6. Antilogarithras. This table will be fo u d to fac I tate app osi 
mate Lakulations to a marked degree. The proport on parts are state I 
: 1 the right-hand marKin for each row separately Tl a a -aiipement 
with fliB LOiTespondmg one in Table XIVo n ake t e i e effe twely 
tour plate ■^acli way 

XIVc Values and Logarithms of Trigonometric Functions I tin 
tible tin values of ain tt, coa «, tan «, ctn a a tl e mmon 1 a- 
iithms ue stated for each 10-minute interval « The chi a<?teristca 
(f thu loganthma are omitted, since they oa be suppl ed reidily fi n 



24. Sources and Checks used. In arranging all ot these tables, 
several estant tables have been used as sources ; and the proofs have 
been read against the standard seven-pla«e tables of Vega, and at least 
one other table, or against at least two independent sources when the 
ligures are not given by Vega. In all cases, the stereotyped plates have 
been proof-read five times, by three different persons. 

In case of apparent doubt, especially in tlie last place of decimals, the 
values have been recomputed, either by series or by the condensed flfteen- 
place tables of Hotlel. 

While errors may occur, it is believed that they must be purely typo- 
graphical ; in most cases such an error is revealed by the unreasonable 
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LOGAEITHMIC AND TRIGONOMETRIC 
TABLES 

TABLE I 
COMMON LOGAEITHMS OF NUMBERS 
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767 
940 


603 
785 
967 


621 
803 
985 


639 
•003 


7 
8 
9 


13.3 
16.2 
17.1 


12.6 

isia 


11 

13 
16 


9 
6 
3 


240 


38021 


039 


057 


075 


093 


112 


130 


148 


166 


184 




41 
43 
43 


203 

383 

, 561 


220 
578 


238 
417 
696 


2E6 
435 


274 
463 
632 


292 
471 
660 


310 
489 


607 
6S6 


846 
525 
703 


364 
543 
721 


44 
45 
4(1 


739 

017 

39 (KM 


757 
934 
111 


775 
952 


792 
970 
146 


810 
987 
164 


823 
•006 
182 


846 
•023 
199 


«<I41 
317 


•058 
335 


««76 
252 




47 

48 


270 
4il9 
620 


287 
463 
637 


306 
480 
655 


498 
672 


340 
515 
690 


707 


376 
.TOO 
724 


393 
668 
742 


410 
759 


428 
777 




250 


7M 


811 


839 


846 


863 


881 


808 


916 


933 


aw 


N, 





1 


2 


3 


4 


5 


6 


7 


S 





Prop, Pis. 



,CoogIc 



I] 




260- 


- Logarithms of Numbers 


— 300 










6 


w, 





1 


z 


3 


4 


6 


6 


7 


8 


9 


Prop. Pts. 


360 


39 79i 


RU 


839 


840 


H63 


881 


898 


i!15 


933 


il50 




51 


B67 

40140 

313 


157 


*003 
175 
346 


»019 
102 
364 


•037 
209 


*0M: 

226 
398 


•071 
415 


•088 
201 
433 


•106 
278 
449 


•133 
295 
466 


55 


483 
654 
834 


BOO 
671 
841 


518 
858 


535 
705 
875 


552 
723 
892 


569 
739 
009 


5S6 
756 
9% 


603 
773 
M3 


620 
790 
960 


637 
807 
976 




S7 


993 

41162 

330 


•010 
179 
347 


•037 
196 
363 


»044 
312 
380 


•OSI 
329 
397 


•078 
346 


430 


380 
447 


•138 
296 
464 


•145 
313 
431 




260 


497 


914 


S31 


647 


5^ 


581 


597 


614 


631 


m 


61 
62 


604 
830 
996 


681 
847 
*0I2 


697 
863 

«oa9 


714 
880 
»04o 


731 
»063 


747 
<113 
»K)78 


.764 
929 
»095 


T80 
946 
•111 


797 
963 
"•127 


814 
979 
•144 


3 


;" 


17 


16 

1,6 


65. 


43169 
325 
488 


177 
341 


11)3 
357 


310 
374 
537 


326 
390 
653 


243 
408 
570 


423 
686 


276 
439 
603 


45S 
619 


308 

472 


4 
6 




3 





5 




t 


67 


651 
813 
976 


667 
830 


684 
846 
*008 


700 
862 
•024 


716 
878 
♦040 


733 
894 
•056 


749 
911 
•072 


766 
937 
•088 


781 
943 


797 
•120 


8 
9 


1 


6 
3 


i; 

16 


3 


15 


2 
4 


S70 


43136 


152 


169 


185 


301 


317 


333 


249 


265 


281 


= logx„2.718- 
= .4343944819 


71 
73 

75 


397 
4ST 
516 
775 
933 
44091 


313 
473 

791 
940 
107 


339 
489 
C48 
807 
965 
123 


345 
505 
664 
823 
981 
138 


361 
531 
680 
838 
996 
154 


377 
537 

854 
•012 
170 


553 
713 
870 
•02S 
186 


409 
569 
727 
886 
•044 
301 


426 
58* 
743 
902 
•069 
317 


441 
600 
769 
917 
•075 
332 


77 
T8 
73 


3t8 
404 


576 


379 
436 


295 
451 
607 


311 
467 
623 


326 
483 
638 


342 
498 


368 
614 
669 


373 


389 
700 




380 


716 


731 


747 


762 


778 


793 


809 


824 


840 


855 


83 


871 

45035 

179 


040 
IM 


903 
066 
209 


917 
071 
225 


086 
240 


948 
102 
356 


963 
117 
371 


979 
133 
236 


994 
148 
301 


•010 
163 
317 


1 




6 




1 

4 


S4 
8S 


333 
484 
637 


347 


667 


378 
530 
682 


697 


408 
661 
713 


423 
S76 
728 


439 

743 


464 
606 
758 


469 
773 


■A 

5 




5 





2 
6 


6 


87 


783 
46090 


954 
105 


818 
969 
120 


834 
984 
135 


849 
•000 
160 


864 
•016 
165 


879 
•030 
180 


8M 
•045 
195 


909 

•060 
310 


•075 


9 


13 


5 


i: 

1? 


S90 


340 


255 


370 


385 


300 


315 


330 


345 


359 


374 




<J3 


m 


404 
703 


419 
568 
716 


4^ 
731 


449 
746 


464 
613 
761 


479 
627 
776 


494 
790 


609 
657 
806 


533 
672 
830 


S6 


983 
47129 


S50 
997 


864 
»013 


879 
»036 
173 


394 
•041 


909 
•056 


923- 
•070 
217 


*085 
332 


963 
•100 
346 


907 
•114 
361 




»8 


376 
433 
567 


436 


305 
451 
598 


465 
611 


334 
480 
635 


349 
4M 
640 


363 
509 
664 


378 
524 


393 
638 


407 
653 
698 




300 


712 


737 


741 


7.'i6 


770 


784 


799 


RJ3 


828 


842 


IT. 





1 


3 


3 


4 


S 


6 


1 


8 


9 


Prop. Pts, 



G 




300- 


Logarithms 


of Numbers 


-350 




[I 


B. 





1 


3 


3 


4 


5 


6 


7 


' 


9 


Prop. PtB. 


300 


47 712 


727 


741 


766 


770 


784 


7B9 


813 


838 


842 




01 


48 001 
144 


871 
015 
IfiS 


029 
173 


044 
187 


914 
202 


073 
316 


943 
087 


958 
101 

244 


972 


273 


04 
05 


430 
5T2 


302 
444 
586 


316 
458 
601 


330 
473 
816 


344 


359 
643 


373 


387 
630 
671 


401 


418 
700 


loe3 = . 4771313547 
iog^= .4971498737 


07 
03 
09 


714 
856 


•010 


742 
*024 


"038 


770 
911 
«052 


785 
*066 


799 
MO 
*080 


813 
*094 


837 
*I08 


841 
982 
•122 




310 


4913B 


IBO 


164 


178 


192 


206 


230 


2M 


248 


282 


11 
12 
13 


276 
4IB 
554 


290 
429 


443 


318 
497 
596 


332 
471 
610 


346 
486 
024 


360 
499 
638 


874- 
513 
651 


665 


402 
Ml 
679 


1 

2 
3 


3;o 


1.4 
3,8 
4.2 
6,6 
7.0 
8.4 


14 
IS 
16 


831 
969 


707 
H4B 


721 
996 


734 
872 
»010 


748 
886 
*024 


702 

mi 


914 
*051 


790 
937 
•065 


803 
941 
*0T9 


955 
1W2 


6.0 

7.5 


18 
19 


2t3 
379 


256 


133 
270 
406 


147 
2M 
420 


433 


174 
447 


188 
339 
461 


202 
474 


316- 
488 


239 
365 
501 


7 
9 


1U.5 
12,0 
13.6 


9.8 
11.3 
13,6 


320 


516 


629 


IH2 


5,'J6 


569 


983 


696 


610 


623 


637 




23 


601 
786 
^0 


664 
799 
934 


678 
813 
947 


69] 
82(i 
961 


709 
840 
974 


TI8 
853 
987 


732 
866 
*001 


749 
880 
•014 


•038 


773 
907 
»M1 


S4 
25 


51099 
323 


068 
335 


081 
215 
M8 


096 
338 
362 


108 

879 


131 


135 
268 
403 


148 
416 


162 
295 


175 
308 
441 




27 


455 
587 
720 


468 
601 


481 
614 
746 


496 
(i27 
759 


508 
(>40 
772 


521 
654 
786 


534 
799 


648 
813 


661 
693 


574 
706 




330 


851 


865 


878 


891 


SIM 


917 


930 


«3 


967 


970 


31 
33 
33 


983 

62114 

244 


99S 
127 
2BT 


*009 
140 
370 


•022 
153 
284 


>«36 
166 
297 


179 
310 


♦061 
192 
333 


•076 
206 
336 


*088 


*101 
331 


1 


1.3 
2.8 


2.i 


34 
36 


375 
604 


647 


401 
530 
660 


414 
543 
673 


437 
556 
686 


440 
699 


463 
711 


466 

734 


479 
737 


tfl 


4 
5 


6.3 
8,6 
78 


4.8 
6.0 
7.3 


37 


763 

892 

53020 


776 
9(B 
033 


789 
917 
016 


802 
930 


815 
943 
071 


827 
966 
034 


^0 


893 
110 


994 
122 


879 
*007 


7 
9 


9,1 
10.4 
11.7 


8.4 
9.6 
10.8 


340 


148 


161 


173 


18(1 


199 


312 


324 


337 


250 


263 




43 


276 
403 


415 
542 


301 
428 
555 


314 

441 
607 


463 


466 


479 
605 


364 
491 
618 


377 
604 
631 


390 
517 
MS 


ii. 
46 


65(5 
782 
908 


7M 
920 


681 
807 


694 
M9 


706 


719 

970 


983 


744 
995 


757 
•008 


896 
•020 




47 
4S 
49 


64033 
158 
283 


045 
ITO 
296 


058 
183 
307 


070 
196 
320 


083 
208 
333 


095 
320 
346 


108 
333 
357 


120 
346 
H70 


133 


146 
270 
394 




330 


407 


419 


432 


444 


456 


469 


481 


494 


906 


518 


H. 


• 


1 


2 1 3 


4 


6 


6 


7 


8 


a 


Prop. PtB. 



350 — liOgarlthms of Numbers ~ 400 



N. 





1 


2 


3 


4 


S 


6 


7 


S 


9 


Prop. Pta. 


350 


54 407 


419 


432 


444 


450 


469 


431 


491 


606 


518 




53 


631 
654 


643 
667 
790 


535 
679 


668 
814 


580 
704 

827 


716 


606 
738 
861 


617 
741 
864 


630 
753 
876 


643 
765 
888 


5* 
06 


900 
55023 


913 
035 
157 


92B 
047 
160 


937 
060 
182 


949 
073 
IM 


962 
084 
206 


974 
09G 
318 


108 
330 


121 


•Oil 
133 
369 




57 


267 
3B8 
909 


279 
400 


291 
413 
934 


303 
425 
94(i 


316 
4?7 


328 
449 
670 


340 
461 


473 
694 


364 
489 
606 


376 

497 

01S 




360 


630 


642 


6M 


606 


078 


691 


703 


71B 


72r 


739 


61 
63 


991 


763 
»003 


775 
896 
*015 


787 
*027 


799 
919 
*038 


811 
031 
•050 


833 
943 

*«e3 


996 
*074 


847 
967 


869 
979 


3 


13 

1,3 
2.0 


12 

314 


64 


56110 
a29 
348 


123 
241 
860 


134 
353 
372 


146 
265 
384 


198 
277 
396 


170 
280 
407 


182 
301 
419 


313 
431 


205 
334 
443 


217 
336 
459 


5 




3 


4.8 
6.0 


US 


467 
703 


478 
597 
714 


460 
608 
726 


^ 


514 
632 


m. 


666 
773 


649 

667 
785 


561 
679 
797 


573 
691 
808 


8 




1 
7 


las 


370 


820 


833 


844 


855 


807 


879 


891 


903 


914 


936 




73 
73 


037 

57054 

171 


949 
066 


961 
IM 


973 
089 
306 


317 


996 
113 


•008 
341 


S019 
136 


■>03I 
148 
264 


•043 
169 
276 


74 
75 
70 


403 
619 


299 
415 
530 


310 
436 


322 


334 
449 
669 


346 


357 
473 
588 


368 
484 
600 


380 
496 


392 
607 
633 




77 
78 


634 
749 
864 


646 
761 
876 


657 
773 
887 


669 
784 


795 


Z 


703 
818 
933 


716 
830 
944 


726 
Ml 
955 


967 




380 


978 


990 


•001 


»013 


»034 


*035 


•047 


«058 


•070 


•081 


81 
82 


58092 


1<M 
218 
331 


115 
343 


127 
240 
364 


366 


149 
263 
377 


161 

274 


172 
386 
399 


184 
297 
410 


196 
309 
433 




1 


1 


10 


84 
86 


433, 
540 
650 


444 
657 
670 


456 
569 
681 


467 
580 


478 
591 
701 


490 
603 
715 


601 
014 

736 


512 
737 


624 
636 
749 


535 
647 
760 


3 

7 
9 


4 

6 


1 


3,0 
4..0 
5X) 

7^0 
8.0 
9.0 


S7 


771 
995 


782 
894 
»OO0 


7M 
H06 
•017 


805 
917 
*028 


816 
•040 


a 

»051 


96ft 
•062 


850 
961 
*073 


861 
973 
•084 


873 
984 
•096 


7 
9 


r 


390 


B910G 


118 


129 


140 


161 


162 


173 


184 


195 


207 




93 


218 
439 


340 
450 


240 
351 
461 


251 
363 
472 


263 
373 
483 


273 
384 
494 


384 
395 
606 


396 
406 
S17 


306 
417 


318 
438 
539 


94 
96 


770 


561 
671 
780 


572 
683 
791 


s 


704 
813 


005 
715 


726 
835 


627 
737 
846 


638 
748 
857 


649 
868 




97 
98 


879 
988 


108 


SOI 
•010 


912 
•031 
130 


»033 


934 
•043 


945 
163 


966 
»065 
173 


•076 


977 
•086 




400 


206 


217 


328 


239 


349 


200 


271 


282 


293 


304 


N, 





1 


3 


3 


4 


a 


6 


7 


8 


9 


Prop, Fta. 



8 




400- 


-Logarithms of Numbers 


^460 








[I 


H. 





1 


2 


3 


4 


9 


6 


7 


8 





Prop. Pta. 


400 


60 206 


ai7 


228 


239 


249 


260 


271 


382 


2!)3 


304 
412 
627 




01 
02 


314 
423 
631 


433 
E41 


336 
692 


317 
455 


353 

574 


369 
477 
584 


379 
487 
695 


300 
498 
606 


401 
609 
617 


06 


638 
746 
853 


649 
756 
863 


660 
767 
874 


670 

778 


681 
788 
895 


799 


703 
810 
017 


713 
821 
937 


734 


735 
842 




07 
08 


61066 


9T0 
077 
1S3 


087 
194 


991 
098 
204 


»002 
109 


»013 
119 


130 


•034 
140 
347 


•049 
151 
257 


•065 
162 




410 


278 


289 


300 


310 


321 


331 


343 


352 


363 


374 


12 
13 


3X4 
490 
595 


395 
60S 


405 
511 
616 


416 
521 
627 


426 
637 


437 
642 
648 


448 
663 


458 
563 
669 


460 
674 
679 


479 
584 
690 


11 
16 


700 
805 
909 


711 


721 
826 
930 


731 
336 
9il 


742 
847 
951 


762 
857 
963 


763 
868 
972 


773 
878 
983 


784 
993 


7M 
899 
•003 




17 

18 


62014 


128 


034 
138 
242 


045 


056 
159 


086 
170 


076 
180 
284 


190 
2i)4 


097 
201 
304 


107 
211 
315 




420 


32B 


335 


346 


356 


363 


377 


387 


39T 


403 


418 


21 


634 


439 
542 


449 
553 
655 


459 
665 


469 


480 
685 


490 
696 


500 
706 


511 
613 
716 


521 
624 
726 


1 
2 


11 

■/2 


1 








9 

o.y 

1.8 


24 

as 

26 


839 


747 
849 
951 


757 
859 
961 


767 
870 
972 


778 
880 


788 
992 


5S 


910 

«)13 


818 
921 
•023 


931 
*033 


6 


9!5 


4 
5 






3.6 

4.6 


27 
28 


B3043 


053 
155 


063 
165 


073 
175 


185 


0S4 
195 
296 


IM 
305 


114 
315 
317 


124 
327 


134 
337 


7 
9 


7.7 


7 





g 


430 


347 


357 


367 


377 


387 


397 


407 


417 


428 


438 




31 


448 
648 
649 


458 
558 
S59 


468 
568 


478 
579 


488 
589 


498 
699 


508 
609 
709 


518 
719 


628 
739 


538 
7^ 


51 
35 
3S 


749 
849 
MS 


759 
859 


969 


779 
879 
970 


730 
988 


799 


809 
909 
♦O08 


819 
919 


839 
»038 


939 


]<«J/=log[logej 
« 9.63778 431 -10 


37 
39 


640tH 
147 
246 


157 
256 


063 
167 
266 


078 
177 
27fi 


187 


098 
197 


108 
207 
306 


118 
317 


128 

327 
336 


137 

237 
335 




140 


345 


355 


365 


375 


385 


395 


404 


414 


434 


434 


42 
43 


444 
643 
640 


650 


464 
563 


473 
673 
670 


483 


493 
501 


503 
601 
699 


513 
611 
709 


523 
621 
719 


633 
631 
729 


45 
46 


738 


748 
943 


768 
856 
953 


963 


777 
9T2 


787 


797 
993 


807 
904 
'002 


816 
914 
•Oil 


826 
*021 




47 
4S 
49 


69031 
128 
225 


040 
137 
234 


050 
147 


060 
157 


OTO 
167 
263 


079 
176 
373 


089 

mi 


099 
292 


108 
205 


118 
215 
312 




450 


321 


331 


341 


3.W 


360 


360 


379 


380 


398 


4^18 


S. 





1 


2 


3 


4 


5 


6 


7 


S 


9 


Pro)). Pta. 



I] 




4 


50- 


-Logarithms of 


Nnn 


ber 


-- 


OO 






9 


If, 





1 


s 


3 


4 


S 


6 


7 


s 


9 


Prop. Pts. 


450 


65 331 


331 


341 


350 


360 


3G9 


379 


389 


398 


408 




53 
S3 


514 
610 


619 


437 
633 


543 


648 


658 


571 
667 


677 


691 


600 


55 
56 


706 
801 
896 


715 
811 
906 


735 
830 
916 


734 
830 
935 


744 
935 


753 
849 
944 


954 


772 
863 
963 


782 
877 
973 


793 
887 




58 
59 


H6087 
181 


Wl 
096 
191 


»011 
106 
300 


*030 
310 


•030 
124 
319 


*039 
134 
329 


•049 
143 


*058 
153 
247 


•068 
163 
257 


«077 
173 
366 




460 


276 


285 


396 


304 


314 


333 


333 


343 


351 


361 




370 
464 
598 


330 
474 
667 


483 
S77 


493 


603 
696 


417 
511 
605 


437 
631 
614 


436 
530 
634 


446 
539 
633 


466 
549 
643 


64 
65 
66 


653 
748 
838 


661 
755 
848 


671 
764 
857 


680 
773 
867 


689 
783 
870 


792 
886 


703 
801 
894 


717 
811 
9IH 


727 
913 


736 
932 




68 
69 


67 025 
117 


034 
127 


043 
"136 


063 
145 


969 
063 
154 


071 
104 


987 
173 


997 
183 


»006 
099 
191 


108 
201 




470 


210 


319 


33S 


337 


347 


356 


265 


274 


284 


393 


71 

73 
73 


302 
486 


311 
403 
495 


331 
413 
504 


432 
514 


431 
523 


343 
440 
532 


357 
449 
041 


459 
550 


468 
560 


477 
569 


1 
2 


10 

1.0 
3.0 


9 

0.9 
1,8 


8 

0.8 


75 
7H 


S78 
669 
761 


587 
679 
770 


596 
779 


788 


614 
706* 
797 


716 
808 


633 
724 
815 


642 
825 


651 
743 
8M 


660 

793 


6 


t.o 


AS 

4.5 


3.3 
4.0 


77 


8.52 
68034 


861 
953 
043 


870 
961 
062 


879 
0(il 


070 


988 
079 


906 
997 


916 

"SS? 


106 


934 
•024 
115 


7 



7.0 
8,0 


6,3 
7.3 
8.1 


6,6 
7^3 


480 


m 


133 


143 


161 


160 


169 


J78 


187 


190 


206 




81 
82 
83 


1 


324 
314 
404 


323 
413 


242 
433 


351 
341 
431 


260 
350 
440 


359 
449 


368 
458 


387 
377 
467 


396 
386 
476 


85 
86 


674 
664 


4M 
673 


681 


601 
090 


610 


619 

703 


638 
717 


637 
726 


646 
736 


565 
666 
744 




87 


763 
842 
931 


762 
861 
940 


771 
860 
949 


780 
958 


789 
878 
966 


797 
886 
975 


084 


815 
993 


8^ 
913 
•002 


933 
"OH 




490 


69 020 


028 


037 


046 


056 


064 


073 


083 


090 


099 


yi 

92 


108 
19T 
386 


117 
205 
2M 


136 
314 
303 


135 
311 


144 
233 


341 
339 


161 
249 
338 


170 
258 
316 


170 
267 
366 


188 
376 
364 


91 
95 


373 
461 
548 


409 
557 


390 
478 
566 


399 
487 
674 


408 
496 
583 


417 
504 
593 


436 
613 
001 


431 
532 
009 


443 
531 
618 


453 
627 




97 
98 


636 
810 


SI 9 


653 
740 
837 


749 
RSfi 


671 
845 


767 
834 


775 
863 


697 
871 


705 
880 


714 




600 


897 


906 


914 


923 


932 


910 


919 


958 


965 


975 


N. 





1 


2 


8 


4 


fi 


6 


7 


8 


9 


Prop. Pta. 



Ciioj.k 



10 




500- 


-logarithms 


of Numl)ers 


-560 








[l 


IS, 





1 


2 


3 


4 


6 


6 


7 


8 


9 


Prop. Pta, 


600 


6S897 


BlMi 


91+ 


923 


AV2 


940 


949 
♦036 
133 
209 


958 
*044 
131 


966 
•053 
140 
226 


975 
•062 
148 
234 


log 6= .6989700043 


01 
02 
03 


984 

70070 

157 


992 
079 
166 


»001 


*010 
096 
183 


»018 
106 
191 


200 


04 
05 
OS 


, 343 
416 


253 
434 


260 
346 
432 


356 
441 


278 
449 


373 
468 


295 
381 
467 


303 
389 
476 


312 
398 
484 


321 
406 
492 




07 
08 
09 


b73 


595 


518 
603 
689 


526 
613 
697 


635 
631 
706 


544 
629 
714 


652 
638 
723 


661 
616 
731 


669 
655 
740 


578 
663 
749 




610 


757 


766 


774 


783 


791 


800 


808 


817 


835 


834 


11 
12 
13 


843 

927 

71013 


851 
935 
020 


859 
020 


037 


876 
fl61 
046 


969 


i)78 
063 


902 
986 


910 
995 
079 


919 

•003 
088 


14 
15 
16 


181 


106 
189 


lis 

198 
W2 


122 
206 
290 


130 
314 
299 


139 
333 
307 


147 

2:ii 

315 


166 
340 
324 


164 
248 
332 


179 
257 




18 
19 


433 
617 


441 
535 


366 


374 
468 
542 


466 
550 


391 
475 
659 


483 
567 


408 
492 
576 


416 
500 
684 


425 
508 




530 


600 


609 


617 


626 


634 


643 


650 


659 


667 


675 


31 
22 
23 


684 
767 


692 
775 
858 


700 
784 
867 


709 
792 
876 


717 
800 
883 


725 
809 


734 
817 
900 


742 
908 


750 
917 


759 
842 
925 


1 


9 

0.9 
1.8 


S 

0.8 
1.6 


7 
0,7 
1.4 


24 
26 


72016 
099 


941 
024 
107 


950 
033 


958 
041 
123 


966 
133 


975 
067 


066 
148 


991 
074 
156 


082 
165 


•008 
090 
173 


4 


3.6 


3.3 
4.0 


i 




27 
29 


181 
263 
346 


189 
372 
364 


198 
3S0 
362 


206 
370 


214 
296 
378 


222 

3M: 

SS7 


330 
313 
396 


321 
403 


247 
411 


355 
337 
419 


9 


6.3 
7.2 
8.1 


6,6 
6,4 
7,2 


4 
6 
6 


6 
3 


530 


438 


436 


444 


462 


460 


469 


+77 


485 


493 


601 




31 
33 


509 
391 
673 


618 
699 
681 


607 


534 
616 
697 


M3 
705 


550 
632 
713 


640 
722 


667 
648 
730 


573 
66fi 
738 


583' 
665 


34 
35 
38 


754 
835 
916 


762 
843 


770 

m 


779 
941 


787 
9i9 


795 
876 
957 


884 


811 
892 
973 


819 
900 
981 


837 
908 
989 




37 
39 


997 

73078 

159 


*006 
086 
167 


094 
175 


»022 
103 
183 


»030 
111 


•038 
119 


»1M6 
127 
207 


«054 
135 
315 


•062 
143 
233 


»070 
151 
331 




640 


239 


S4J 


355 


263 


273 


380 


288 


396 


3Ctt 


312 


41 
43 
43 


320 
40O 
480 


488 


336 
416 
496 


344 
424 
604 


353 
433 
613 


m 


448 
628 


376 
456 


384 
464 


392 
472 


44 

ir, 


aeo 

610 


568 
648 
737 


576 
736 


584 
743 


592 
672 


600 
679 


687 


616 


624 
703 
783 


632 
711 
791 




48 
49 


799 
878 
9B7 


807 
965 


815 
894 


903 
981 


910 


838 
918 
997 


846 
926 
•005 


854 
933 
»01S 


862 
941 
•020 


949 
•028 




6 SO 


74036 


044 


053 


060 


068 


076 


084 


0<I2 


099 


107 


H. 





1 


2 


3 


4 


6 


6 


7 


8 


9 


Prop. Pta. 



.Google 



I] 




650- 


-Los 


-arit 


hms 


or 


Sum 


bers 


-600 




11 


H. 





1 


3 


3 


i 


5 


6 


7 


8 


9 


Prop. Ft3, 


sao 


74 036 


044 


053 


0(iO 


068 


076 


084 


0!i2 


099 


107 




53 


373 


1S3 
302 
380 


131 
388 


139 
296 


236 
304 


313 


241 
330 


249 
327 


267 


186 
3t» 
343 


56 


3H1 
429 
507 


369 
437 
515 


367 
445 


374 
453 
531 


383 
461 
539 


390 
468 
547 


476 
6M 


406 
563 


414 
B70 


431 
600 
678 




57 
5S 


58H 
741 


693 
67] 
749 


601 
679 
767 


609 
764 


617 
695 

773 


634 
702 
730 


710 
788 


640 
718 
796 


648 
726 
803 


666 
733 
811 




660 


819 


827 


834 


842 


850 


858 


865 


873 


881 


889 


01 
62 
63 


75051 


904 
981 
069 


913 
066 


074 


927 
082 


936 
*012 


M3 
•020 
097 


950 
«02a 
106 


958 
113 


•043 
130 


65 


128 
205 


136 
213 


143 
320 
397 


151 


169 
236 
313 


243 
330 


174 
251 


183 
336 


189 
266 


197 
274 
351 




6T 
68 
69 


358 
511 


443 
619 


374 
450 
536 


381 
458 
534 


465 


397 
473 
649 


404 
657 


412 
488 


430 
496 
673 


427 
580 




670 
Tl 
72 
73 


GS7 


595 


603 


610 


618 


628 


633 


641 


648 


656 


740 
813 


671 
747 
833 


679 
755 
831 


763 
838 


694 
770 
846 


863 


709 
785 
861 


717 
793 
863 


734 
876 


884' 


1 
9. 


S 

L6 


7 

0.7 


75 
76 


76042 


974 
050 


soe 

057 


914 


031 
997 
073 


939 
080 


937 
«013 
087 


944 
*030 
096 


•027 


969 
•036 
110 




3.3 
4.0 


?l 


77 
78 
79 


118 
193 

208 


135 
200 
275 


133 
208 


140 
315 
290 


148 
333 
298 


155 
330 
306 


163 
313 


170 
345 


17H 
253 


136 


7 


6.6 
6.4 
7.3 


4.9 
5,6 
6.3 


5S0 


343 


360 


358 


363 


373 


380 


388 


3ie 


403 


410 




81 


41S 
493 
567 


425 
674 


433 
582 


440 
615 


448 
597 


630 
G04 


637 
612 


470 
645 
619 


477 
626 


486 
559 
634 


8B 


641 
790 


649 
733 
7i)7 


656 
730 


664 
738 
812 


671 
745 
819 


678 
753 
837 


760 
834 


843 


701 
775 
849 


708 
782 
856 




i 


864 


871 
946 
019 


879 
953 


960 


9li7 


901 
975 
048 


908 


916 


923 
997 


930 
«004 
078 




soo 


085 


093 


100 


107 


115 


123 


129 


137 


144 


161 


91 
92 


159 
25S 
305 


166 
340 
313 


173 

347 
330 


354 
337 


188 
362 
336 


195 
369 
343 


203 
376 
349 


210 

357 


217 
391 
3B4 


398 
371 


91 
95 
9B 


373 
452 
525 


386 
459 


Z 


474 
546 


408 
481 

554 


415 
661 


496 
563 


430 
676 


437 
610 


444 
517 
690 




97 


697 
„670 
743 


605 
750 


612 
686 
767 


619 

em 

764 


699 
772 


634 
706 
779 


641 
714 


648 
731 
793 


656 
728 


808 




600 


815 


833 


830 


837 


844 


851 


859 


866 


873 


880 


N. 





1 


S 


3 


i 


i 


6 


7 


B 


9 


Prop. Pta, 



13 




600- 


-Logarithma 


of Numbers 


-650 










[I 


N. 





1 


2 


8 


4 


6 


6 


7 


8 


9 


Prop, pta. 


600 


77 815 


822 


8:iO 


837 


844 


861 


859 


866 


873 


S80 




01 
03 
03 


960 
78033 


%7 


953 
974 

(m 


909 
981 
053 


916 
988 
081 


996 


931 
•003 
075 


938 
*010 
082 


945 
»017 


•026 
097 


04 
OS 
06 


10* 
17ti 
247 


111 
183 
254 


ns 

190 
263 


125 
197 
369 


132 
304 
376 


140 
311 


147 
219 


154 
236 


161 

333 
305 


168 
240 
313 




07 
08 
09 


319 
390 


326 
460 


333 
405 
476 


340 
413 


M7 
419 


355 
436 
497 


363 
433 
504 


440 
512 


376 
447 
619 


383 
455 
536 




610 


B33 


540 


&17' 


OM 


561 


569 


576 


683 


690 


697 


11 

13 
13 


604 
675 
74B 


611 
682 
763 


i 


625 
767 


633 
7M 
774 


MO 
711 
781 


647 
718 
789 


6S4 
725 
796 


661 
733 


668 
739 
810 


14 
15 
16 


817 
958 


824 
965 


831 
903 
973 


979 


845 
916 
986 


993 


869 
930 


866 
937 


8T3 
944 
*014 


961 
*021 




17 
18 
19 


79029 
. 099 
. 169 


036 
106 
176 


043 
113 
183 


050 


057 
127 

197 


064 
134 
304 


071 
311 


078 
148 
318 


085 
155 


693 
163 
233 


1 


eao 


339 


246 


253 


260 


367 


274 


asi 


388 


295 


303 


21 
23 


309 
379 
449 


316 
456 


S93 
463 


330 
400 
470 


SJ7 
407 
477 


344 
414 
484 


431 
491 


358 
428 


365 
435 
605 


372 
442 
511 


1 


0.8 







L 


25 
3B 


618 


025 
664 


533 
603 
671 


539 
609 


546 
619 
685 


553 
623 


560 
630 
699 


567 
637 
706 


574 
644 
713 


581 
650 
720 


5 


3.2 
4.0 


i 


8 
5 


2 
3 


4 



27 
29 


727 
796 
865 


734 
803 
873 


741 
810 


748 
817 


754 
834 
893 


761 
831 
900 


763 
837 
HOK 


775 
844 
913 


851 
930 


789 
937 


7 


5.6 
6.4 

7.3 


£ 








630 


9M 


941 


948 


aw 


962 


969 


975 


983 


939 


9B6 




31 
33 


80003 
073 
140 


010 
079 
147 


017 
085 
154 


024 
093 
161 


030 
099 
168 


037 
106 
176 


044 
113 
183 


051 
120 
188 


068 
137 
195 


065 
134 
203 


34 
35 
36 


377 
346 


216 
284 
363 


323 
391 
369 


398 


236 
305 
373 


243 
312 
380 


250 
318 
387 


3B7 
325 


364 
332 
WO 


271 

339 
407 




37 
33 


414 

6B0 


431 
489 
,W7 


496 
564 


434 
502 
670 


441 
609 
577 


448 
516 
584 


455 
623 
591 


530 

598 


463 
536 
60i 


476 




640 


618 


625 


633 


638 


M5 


652 


659 


66,'^ 


673 


679 


41 
42 
43 


831 


693 
760 
S38 


767 
835 


706 
774 


713 
781 
848 


720 
787 
855 


736 
794 


733 
801 


740 
875 


747 
814 


44 

4B 
46 


956 
81023 


895 
963 
030 


903 
037 


909 
976 


916 
060 


922 
990 
067 


996 
064 


936 
•003 
070 


W3 
*0I0 
077 


949 
•017 
084 




_49 
650~ 


090 
158 
224 


164 
331 


104 
171 
33f! 


111 
178 
345 


117 
184 
351 


134 

191 
358 


131 
198 
366 


137 
204 
371 


144 
211 

378 
346 


151 

318 

361 




291 


298 


305 


311 


318 


335 


331 


N. 





1 


2 


3 


4 


6 


6 


7 


8 


9 


Ptop. Fts. 



Ho;-dt, Cookie 



I] 




650- 


Logarithms of Numbers 


— 700 






13 


N. 





^ 


2 


3 


4 


5 


6 


7 


S 


a 


Prop. Pts, 


650 


81291 


398 


30ii 


311 


318 


325 
391 
458 


331 


338 


345 


351 




51 
5^ 
63 


358 
435 
401 


431 
498 


371 
438 
B05 


445 
611 


461 

518 


465 
631 


406 
471 
638 


411 
478 
644 


418 
485 
551 


55 
56 


6S8 
624 
690 


664 
631 


571 
037 
7W 


678 
644 
710 


584 
651 
717 


691 
657 
723 


698 
664 
730 


6U 
671 
737 


611 
677 
743 


617 
6M 
760 




57 
58 


TB7 


763 


7T0 
836 
902 


776 
842 
908 


783 
849 
916 


790 
856 


T9S 


803 
93,5 


800 
876 
941 


816 




660 


954 


901 


968 


974 


981 


087 


994 


*000 


•007 


•014 


61 
62 
63 


82020 
086 
151 


002 
168 


164 


040 
105 
171 


046 
112 
178 


063 
119 


080 
135 
191 


066 
132 
197 


073 
138 
204 


079 
145 
210 


64 
65 


217 
282 
347 


364 


230 
395 
360 


236 
303 
367 


343 
SOS 
373 


249 
315 


356 
331 
387 


363 


360 
334 
400 


376 
341 
406 




67 
6il 


478 
543 


419 
484 
510 


426 
491 


m 

497 
563 


604 
569 


445 
610 
575 


453 
517 


458 
523 
688 


465 
595 


471 

60], 




6T0_ 
71 
72 
73 


607 


614 


620 


637 


633 


640 


«6 


653 


669 


666 


672 
737 
802 


679 
743 
SOS 


685 
750 
814 


693 
7S6 


763 
827 


706 
769 
834 


711 
770 
840 


718 
782 
S47 


734 
789 
863 


730 
795 


2 


7 

0.7 




1 


3 


74 
75 

T6 


866 
030 
995 


872 
937 
•001 


879 
943 
*008 


RS5 
950 
»014 


S 

•030 


963 
•027 


905 
969 
«»33 


911 
975 
•040 


918 
982 
1NM6 


924 
•053 


4 


3.1 
2.8 
3.5* 


1 


4 



77 
78 
79 


83 059 

187 


066 
129 
193 


072 
136 
200 


078 
142 
206 


085 
149 
213 


091 
166 
219 


097 
161 

225 


104 
168 
233 


110 
174 
338 


117 
181 
246 




6^3 


C 


2 
i 


fi80 


361 


aw 


364 


270 


2Tfl 


383 


389 


296 


303 


308 




81 
83 


442 


831 
385 
448 


327 
391 

455 


334 
398 
461 


340 
404 
467 


347 
410 
474 


.417 
480 


359 
423 
487 


366 
439 
493 


372 
436 
499 


84 
85 


600 


512 
576 
639 


618 
682 
«6 


651 


531 
694 


637 
601 
664 


544 
670 


B6i 
613 

677 


666 
630 
683 


626 




1 


822 


702 
76S 


708 
771 
835 


715 
841 


721 
784 
847 


727 
790 
853 


734 
797 
860 


740 
803 
866 


746 
809 
873 


763 
816 




690 


S8S 


891 


897 


904 


910 


916 


923 


939 


935 


943 


91 


948 

81011 

073 


954 
017 
080 


960 
023 
086 


967 
029 
092 


973 
098 


979 
042 
105 


985 
048 


993 
055 
117 


998 
061 
123 


•004 
067 
130 


94 
95 
96 


136 
198 
261 


142 
205 
267 


148 
211 
273 


156 
217 
280 


161 
223 
286 


167 
230 
293 


173 
336 


180 

342 
30S 


136 
248 
311 


192 
255 
317 




97 


44f 


330 
303 
454 


336 
460 


342 
404 
466 


410 
.473 


3M 

417 
479 


361 
433 
485 


367 
430 
491 


435 
497 


379 

443 
504 




700 


610 


516 


022 


538 


53.'-. 


m 


547 


653 


659 


666 


S. 





1 


Z 


3 


4 


5 


6 


7 1 8 


a 1 Prop, PtB. 1 



14 




700- 


logarithms 


of Numbers 


-760 








[I 


H. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


Prop, Pta, 


700 


141510 


516 


622 




535 


641 


547 


553 


559 


566 


log7 = .84,W980400 


01 
02 
03 


572 
634 
6% 


578 
640 
702 


B84 
646 
708 


590 
653 
714 


597 
698 
720 


603 
666 
726 


609 
671 
733 


677 
739 


683 
745 


J51 


Vi 
05 
06 


757 
819 
8H0 


763 
836 


770 
831 
893 


776 
837 


782 
844 
905 


788 
850 
911 


7M 
866 
917 


800 
924 


807 
930 


813 
874 
936 




07 
03 


M3 

85003 

066 


M8 
009 

ori 


954 
016 
077 


960 
083 


967 


973 
034 
096 


979 
040 
101 


985 
]07 


991 
052 
114 


997 
058 
120 




710 


126 


133 


138 


144 


160 


156 


163 


169 


175 


181 


13 


187 
248 
309 


193 
354 
315 


260 
321 


366 
327 


372 


217 
378 


224 
346 


291 
353 


358 


342 
303 
364 


11 
15 
16 


370 
431 
491 


376 
437 
497 


443 


449 
609 


394 
450 
616 


400 
461 


406 
467 


412 
473 
634 


418 
470 
640 


435 
646 




17 
18 


552 
612 


598 
618 
679 


564 
635 


570 
691 


637 


582 
643 
703 


649 
709 


594 
716 


600 
661 
721 


667 
727 




720 


733 


739 


745 


761 


767 


763 


769 


775 


781 


788 


21 


79* 
85* 
914 


800 
860 


866 
936 


813 
S72 
932 


818 


82J 
944 


830 
960 


896 
966 


i 


848 
908 


X 
3 


. 


4 


6 

0.6 
1.2 


5 

0.5 
1.0 


24 
25 


974 


980 
040 
lOO 


106 


992 
052 
112 


998 
118 


•004 
064 
124 


«010 
070 
130 


076 
136 


»022 
141 


088 
147 


4 


i 


i 


3.4 
3.0 


2.0 
2.5 


27 
29 


153 
213 
273 


169 
319 


16S 
226 


171 

231 
291 


177 
337 
397 


183 
243 


189 
349 
308 


19B 
314 


201 
261 
320 


207 
367 


9 


4 

6 
6 


9 
6 
3 


4.2 
6^4 


3.6 
4.0 


730 


332 


338 


344 


3B0 


366 


363 


S6S 


374 


380 


386 




31 


392 
451 
610 


457 
616 


4G3 
523 


469 
52B 


475 
634 


481 
640 


427 
487 
646 


433 
493 
653 


439 
409 
663 


445 
664 


34 
35 


570 
629 
688 


676 
635 
6M 


681 
700 


587 
706 


593 
711 


m 


606 
664 
723 


670 
729 


617 
676 
735 


741 




37 


747 
806 
864 


763 
812 
870 


759 
817 
876 


764 


770 
829 


776 
8^ 
89+ 


783 
841 
900 


847 
906 


794 
911 


800 
869 
917 




740 


933 


939 


93.5 


9*1 


947 


9.W 


9,58 


964 


970 


976 


41 
43 
43 


87 WO 


046 
106 


9M 

m 


999 
058 
116 


»006 
06i 


*011 
070 
128 


•017 
076 
134 


*033 
081 
140 


»029 
X46 


»035 
093 
161 


44 
45 
46 


157 
216 
274 


163 
221 
280 


169 
227 
286 


176 
333 


181 
239 
297 


186 
245 
303 


193 
361 
309 


198 
256 
315 


204 
320 


210 
268 




47 


448 


338 

464 


402 
460 


349 
408 


355 
471 


361 
419 
477 


367 
483 


373 


ST9 
437 
4!fiS 


442 




760 


606 


512 


618 


623 


638 


935 


541 


54T 


562 


558 


M. 





1 


2 


3 


4 


6 


6 


7 


8 


9 


Prop, Pts. 



n 




760- 


Logarithms 


of Niimtoers 


— 800 








15 


s. 





1 


Z 


3 


4 


5 


6 


7 


S 


9 


Fto; . TtB. 


160 


87 508 


512 


518 


523 


529 


535 


541 


547 


553 


638 




51 
53 
53 


633 
679 


570 
685 


633 
691 


639 
697 


587 
646 
703 


593 
708 


599 
714 


6(» 

720 


610 
668 
726 


616 
674 
731 


55 
66 


737 
799 
853 


743 

eoo 


749 
806 
864 


754 
813 


760 
818 
875 


766; 
823 
881 


772 
887 


777 
835 
893 


783 
841 


789 
846 
904 




58 


910 

967 

88 024 


915 
973 
030 


931 
978 
036 


984 
041 


047 


906 
053 


944 
*001 
058 


950 
»007 
064 


965 
»013 
070 


961 

»018 
076 




760 


081 


087 


093 


098 


104 


110 


116 


131 


127 


133 


61 
H2 
63 


195 
252 


144 
201 
258 


160 
207 
364 


313 
270 


161 
318 
275 


167 
234 


173 
330 


178 
236 
293 


184 
341 
298 


190 
347 
3M 


64 
65 
66 


3oa 

423 


373 
429 


321 
377 
434 


440 


440 


338 
3E» 
461 


343 
400 
457 


349 
406 
463 


355 


360 
417 
474 




68 
69 


480 
536 
59;i 


485 
643 
598 


547 
6M 


497 
610 


603 
659 
615 


508 
631 


613 
637 


619 
576 


626 
581 
638 


530 
643 




7T0 


649 


a-M 


am 


666 


672 


677 


683 


689 


694 


700 


71 

73 
73 


763 
818 


711 
767 
824 


717 
773 


722 
779 


728 
784 
840 


734 
790 
846 


795 


746 
857 


760 
307 


868 


3 


1 


3 







74 
75 
76 


874 
930 


eso 

936 
993 


686 
941 


947 
«003 


B9T 
953 
»009 


902 
•014 


908 
9ri4 
»030 


913 
•035 


919 

»oai 


925 
981 
»037 




2 


i 



s 



6 


77 
79 


89042 
098 
154 


048 
104 
159 


053 
109 
165 


059 
115 
170 


064 
130 
176 


070 
126 
182 


076 

187 


081 
137 


087 
143 
198 


093 
148 


8 


4 
4 
6 


8 
4 


4 
4 


5 

6 


780 


209 


215 


231 


236 


332 


337 


343 


248 


2M 


260 




81 
83 


365 
321 
S76 


271 
326 
383 


376 
333 
387 


337 
393 


237 
343 
398 


393 
348 
404 


364 
409 


304 
360 
415 


310 
421 


315 
371 

ma 


84 


432 
487 
543 


437 
492 
548 


443 
498 
663 


448 
504 
559 


454 
509 


469 
515 
570 


465 
675 


470 
681 


531 

586 


481 
637 
593 




88 


597 
653 
708 


658 
713 


609 
664 
719 


6W 
669 
724 


630 
675 
730 


735 


631 
741 


636 
691 
746 


643 
752 


647 
797 




790 


763 


T6B 


774 


779 


785 


790 


796 


801 


807 


812 


81 
93 


818 
»73 


878 


839 


834 

da 


840 
894 


846 
900 
955 


851 
905 
960 


866 
911 
968 


863 
916 
971 


8G7 
923 
977 


94 
95 
9B 


983 
90037 

oei 


043 
097 


993 
018 
103 


998 
053 
108 


»004 
059 
113 


•009 
0B4 
119 


J015 
124 


*020 
076 
129 


*036 
080 
135 


»031 
140 




97 

at 


35; 


206 


157 
211 
266 


317 
371 


376 


237 


179 
233 
287 


184 
238 
293 


344 
298 


349 
304 




800 


aoi} 


314 


320 


326 


331 


336 


343 


347 


a52 


358 


N. 





1 


2 


3 


4 


S 


6 


7 


S 


9 


Prop. Pla. 



16 




800^ 


-Logarithms 


of Numlbei^ 


-850 








[I 


N. 





1 


2 


3 


4 


5 


6 


7 


' 


9 


Prop. Pts, 


800 


90309 


314 


320 


325 


3S1 


.■i36 


342 


34T 


352 


358 




01 
03 
03 


363 
317 
472 


369 
423 

477 


374 
428 

4m 


380 
4M 
488 


885 
439 
493 


390 
445 
499 


396 
450 


401 
465 
B09 


407 
461 
616 


412 
460 
630 


M 
05 
06 


634 


586 


5SS 
644 


643 
6B0 


547 
601 
6B6 


607 
660 


612 
666 


617 
671 


677 


574 




07 
08 
09 


C87 
741 
796 


747 
800 


752 


703 
757 


709 
763 
816 


714 
768 
822 


720 
773 
827 


735 
779 


730 

784 


736 
789 
843 




810 


849 


8A4 


859 


866 


870 


875 


831 


886 


891 


897 


13 
13 


S02 

956 

91009 


S07 
961 


913 
966 
030 


918 

973 


924 
977 
030 


036 


934 
988 
<M1 


MO 
U6 


945 
052 


950 
*004 
057 


14 

m 

16 


116 
169 


131 


073 
136 
180 


078 
133 
185 


034 
137 
190 


143 
196 


OM 
148 
301 


100 
153 
306 


105 
158 
212 


110 
164 




17 
18 
19 


275 


281 
3^ 


233 


291 
344 


243 
297 
350 


249 
303 
355 


364 
307 
360 


312 


318 
871 


270 
333 
376 




880 


381 


387 


393 


397 


403 


408 


413 


418 


434 


429 


21 


434 
487 
MO 


440 


446 
498 
551 


450 
503 
6S6 


459 
608 
561 


461 
566 


466 
619 

572 


471 
524 
677 


477 
582 


483 







6 
3 





5 



U 
25 
26 


693 
645 


698 
651 
703 


603 
656 
709 


609 
661 
714 


614 
666 
719 


619 
673 
734 


634 
677 
730 


630 
682 
736 


687 
740 


745 






i 


s 


'> 


27 
28 
29 


751 
803 
865 


756 
808 
861 


761 
814 


766 
819 
871 


772 
824 
376 


777 


783 
834 


787 
840 


793 
S45 


798 
850 


8 


4 


8 
i 


3 
4 
4 


5 


830 


908 


913 


918 


924 


929 


934 


a^ 


944 


950 


955 




31 
32 
33 


92012 
065 


965 
070 


075 


976 
02S 
080 


981 
033 
086 


986 
038 
091 


991 
044 
096 


997 
049 
101 


•002 
106 


*007 
059 
HI 


34 
35 


117 
169 
321 


123 


127 
179 
331 


236 


137 
189 
241 


143 
195 
247 


14S 
200 
262 


153 
205 
257 


158 
310 
263 


163 
316 
267 




37 
38 


273 
324 
376 


378 
330 
381 


fi 


340 
392 


293 
345 
397 


298 
402 


3M 
355 
407 


309 
361 
412 


314 
418 


319 
371 
423 




840 


428 


433 


438 


443 


449 


454 


469 


464 


469 


474 


41 
43 


480 
531 
683 


486 
530 
688 


490 

642 


495 
547 
698 


500 
553 
603 


657 


511 
614 


516 
667 
619 


631 
572 
624 


526 
578 
639 


44 
45 

46 


634 
737 


742 


645 
747 


650 
701 
753 


655 
706 


763 


716 


670 
773 


675 
727 


681 
732 
783 




47 
49 


788 
840 
891 


793 
815 


799 
850 
901 


804 
906 


911 


814 
865 
916 


819 
870 


834 
875 
937 


381 
933 


937 




850 


M2 


947 


9,12 


m 


963 


9B7 


973 


yrs 


983 


9S8 


N. 





1 


2 


3 


4 


5 


_e_ 


1 


8 


9 


- ^"V-.^o- 



J 




850- 


Logarithms of Numliers 


— 900 










17 


s. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


Prop. Pt5, 


860 


93 042 


947 


a5!! 


957 


963 


967 


OT3 


978 


983 


988 




51 
53 


993 

93044 

095 


049 
100 


»003 
106 


»008 
059 
110 


*013 
064 
115 


•018 
0fi9 
130 


*024 
075 
125 


080 
13] 


•034 
085 
136 


■039 
141 


51 
56 


146 
197 
247 


151 
253 


156 
207 
358 


161 
313 


166 
317 


171 
223 
373 


176 
378 


181 


186 


192 
242 
393 




67 
69 


298 
349 
399 


303 
351 
4M 


308 
409 


313 
364 
414 


318 
420 


374 
435 


379 
430 


334 
384 
435 


339 
440 


844 
394 
445 




860 


450 


4.W 


460 


46,1 


470 


475 


480 


486 


490 


495 


62 
63 


551 
601 


356 
606 


510 
661 

ail 


515 
616 


620 
571 
621,. 


676 
636 


581 
631 


536 
686 
636 


691, 
641 


546 
696 
646 


64 
65 


OBI 
703 
752 


656 
707 
767 


712 
763 


666 
717 
767 


671 
722 
772 


676 
727 
777 


7I 


737 
787 


693 
793 


697 
747 
797 




67 


803 
902 


807 
9(J7 


813 
912 


817 
867 
917 


II 
933 


837 
877 
<S7 


I3 


837 
937 


843 
892 
942 


847 
897 
947 




870 


953 


9.57 


962 


967 


973 


977 


983 


987 


992 


997 


73 


94002 
063 
101 


007 
057 
106 


013 
062 
111 


017 
067 


032 
073 
121 


027 
077 
136 


131 


037 
086 
136 


-W2 
141 


096 
146 


1 
2 


C 


6 


5 

0.6 
1.0 




8 


7i 
76 


201 

250 


255 


161 
311 
360 


166 
316 
265 


171 
321 
370 


176 
226 
375 


181 
231 
280 


186 


191 
240 
290 


196 
399 


I 


3 

; 


1 


3.0- 


1 
3 


) 


77 
78 
79 


300 
349 
3B9 


305 
354 
4M 


310 
409 


315 
364 
414 


369 
419 


825 
374 
424 


330 
379 


335 
384 
433 


340 
389 
438 


345 
4*3 


7 


4 
4 
5 


3 
4 


3.5 
4.0 

4.6 


3 
3 
3 


8 
2 
6 


8S0 


448 


453 


458 


463 


468 


473 


478 


483 


488 


493 




81 
82 
33 


498 
547 
596 


633 
601 


507 
BB7 
606 


613 
663 
611 


517 
567 
616 


571 
621 


627 
576 


581 
630 


mi 

686 
635 


642 
691 
6i0 


85 


645 
094 
743 


650 
748 


704 
753 


709 
758 


714 
763 


670 
719 
768 


676 
724 
773 


729 
778 


635 
734 
783 


689 

733 

787 




87 
88 


792 
841 
890 


707 
846 


802 
851 
900 


807 
856 
905 


812 
861 
910 


817 
866 
915 


919 


876 
934 


880 
929 


836 




S90 


939 


944 


itt9 


954 


959 


963 


968 


973 


978 


983 


91 
02 
93 


988 
085 


993 
041 
090 


046 
095 


•003 
051 
100 


•007 
056 


*013 
061 
109 


•017 
066 
114 


•033 
071 
119 


075 
124 


•032 
080 
139 


95 
96 


134 
182 
331 


139 
187 

236 


143 
192 
240 


148 
197 

345 


153 
202 
350 


158 
207 
255 


163 
211 


163 
316 


321 
270 


177 
326 
374 




9y 


279 
376 


333 
381 


337 


343 
390 


399 
347 
895 


303 
3:i2 
400 


308 
357 
405 


313 

aei 

410 


318 
366 
416 


333 
371 




900 


434 


439 


434 


439 


444 


448 


433 


458 


463 


468 


S. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


Prop. Pts, 



18 




9 


00- 


-Logarithms 


of Numhers 


-950 




[I 


N. 





1 


2 


3 


4 


6 


e 


7 


8 


9 


Prop. FtB. 


eoo 


95 434 


429 


434 


439 


444 


448 


453 


458 


463 


463 




01 
02 
03 


472 
589 


477 
574 


482 
630 
578 


487 
636 
583 


492 
540 


545 


550 
598 


506 
664 

602 


611 
559 
UOT 


516 
564 
613 


01 
05 
08 


617 

ma 

713 


670 
718 


674 
722 


631 
679 
737 


636 
733 


641 
737 


am 

694 
742 


650 

698 
746 


655 
703 
751 


660 
708 
756 




07 
08 

0?) 


761 
809 
856 


766 
813 
861 


770 
818 


775 
871 


780 
87G 


785 
833 
880 


789 
837 


794 
843 
890 


799 
847 
895 


804 




910 

n 

12 
13 


904 


909 


914 


918 


933 


928 


933 


938 


943 


947 


96047 


957 
052 


961 
•009 
057 


966 
'014 
061 


971 
•019 
066 


976 
»023 
071 


980 
•028 
076 


985 
»033 
080 


990 
•038 
085 


B95 
»042 
090 


li 

15 

la 


095 
142 
190 


099 
194 


104 
153 
199 


109 
166 
2M 


114 
161 
309 


166 
213 


133 
171 
318 


138 
175 
233 


133 
180 
337 


137 
185 
233 




IT 
19 


237 


242 
336 


246 
Ml 


251 
298 
346 


266 
303 
350 


261 
308 
355 


313 
360 


270 
317 
365 


375 
369 


280 
374 




920 


379 


384 


888 


393 


398 


403 


407 


412 


4.7 


431 


23 
23 


426 
473 
520 


431 
635 


483 
530 


487 
534 


445 
492 
539 


460 
497 
54* 


45* 
601 
548 


459 
506 
553 


.464 
511- 
6.'58 


468 
615 


1 
2 


S 

0.5 


4 

0.4 
0.8 


24 
26 


667 
614 
661 


572 
619 
666 


577 
624 
870 


581 
675 


633 
680 


685 


595 
642 


600 
647 

edi 


605 
653 
699 


609 
656 


6 


2.0 


1.6 


27 
28 


708 
786 
802 


713 


717 
7^ 
811 


732 
769 
816 


737 
774 
820 


731 
836 


783 
830 


741 
834 


745 
793 
839 


750 
797 
8*4 


7 
8 
9 


3.5 
4.0 
4.5 


2.8 
3.2 
3.6 


930 


848 


853 


858 


862 


867 


873 


876 


881 


886 


890 




31 

33 


895 
942 


900 
946 
993 


904 
961 
997 


909 
956 
«002 


914 

960 
•007 


918 
965 
•Oil 


070 
*016 


938 
974 
•021 


979 
*035 


%4 
'«30 


34 

3n 

36 


081 
128 


one 

132 


044 
090 
137 


049 
095 
142 


053 
100 
146 


058 
161 


109 
155 


067 
160 


072 
118 
165 


077 
169 




37 
311 


174 
267 


179 
235 
271 


183 
230 

376 


I8S 
334 
380 


385 


197 
243 
290 


203 
348 
294 


206 
253 
399 


311 
304 


216 
308 




940 


313 


317 


322 


327 


331 


836 


340 


3*5 


360 


35* 


41 
42 
43 


3159 
405 
491 


364 
410 
458 


414 
460 


373 
419 
465 


S77 
424 
470 


438 
474 


387 
433 
479 


391 
437 


39li 
443 


400 
4*7 
493 


45 
46 


497 
643 


548 
69* 


aoe 

563 
598 


611 
6B7 
603 


607 


520 
566 
612 


S2S 
571 
617 


675 
621 


626 


585 
630 




47 
48 


635 
681 


640 
685 


644 
690 
73fi 


649 
695 


653 
699 


658 
704 


663 

708 
7M 


667 
713 
759 


673 
717 


676 
732 
768 




9S0 


772 


777 


782 


786 


791 


795 


800 


mi 


809 


813 


N. 





1 


2 


S 


i 


5 


6 


7 


B 


9 


vftop.^^ 



I] 




950 — 


jOffarithms of Numbers - 


-1000 








19 


H. 





1 2 


3 


4 


S 


6 


T 1 8 


9 


piop. rtfi, 


9S0 


97 773 




782 


786 


791 


79.'> 


800 


804 800 


813 




53 


818 
864 
909 


823 
868 


827 
873 
918 


877 


836 
882 


841 


845 
891 
937 


850 
941 


855 
BOO 
946 


909 
950 


56 


955 

98 000 

046 


969 
005 
050 


964 
009 


968 
014 
059 


973 
019 
064 


978 
068 


028 
073 


987 
032 
078 


991 
037 


041 
087 




57 
59 


091 


096 
186 


100 
146 
191 


105 
150 
199 


109 
155 
200 


114 
15ft 
201 


118 
209 


123 
168 
214 


127 
173 
318 


132 
177 
233 




960 


327 


232 


336 


241 


346 


360 


354 


259 


283 


368 


62 


372 
318 


277 
322 
307 


281 
327 
372 


331 
376 


390 
386 
381 


399 
^0 


290 
345 


349 
394 


364 


313 


m 


408 
453 
498 


412 
457 
503 


417 
462 
507 


421 
466 
511 


426 
471 
516 


430 

475 


435 
480 


439 
484 


534 


448 
538 




67 
G8 


MS 


547 
637 


S52 
597 


556 
601 
646 


661 

S 


665 
610 
655 


670 
614 


574 
619 


579 


583 
673 




970 


677 


682 


680 


691 


695 


700 


7M 


709 


713 


717 


72 
73 


722 
767 
811 


726 
771 
816 


731 
776 


735 
836 


740 


744 
789 

m 


749 
793 


753 
798 
343 


847 


807 
851 


1 

3 


; 




( 




74 
76 


356 
900 
M5 


860 
905 
949 


865 
809 
95* 


914 
958 


874 
918 


878 
967 


927 
973 


887 
976 


936 
981 


896 

985 


* 


; 


) 




] 


77 
78 
79 


99 OM 
078 


994 
038 


998 
043 


•008 
093 


•007 
063 
09S 


»012 
056 


•016 
0(il 
105 


•021 
109 


»035 
059 
114 


•029 
074 

na 


7 


4 


5 


5 


i 

3 


8 
2 
6 


oso 


133 


127 


131 


136 


140 


145 


149 


154 


158 


162 




82 
83 


J67 
211 
3S5 


171 
216 
260 


176 
220 
264 


180 

224 


273 


189 
233 
377 


193 


198 
242 
286 


203 
247 
291 


207 
251 
395 


84 


300 
344 


304 
348 
392 


308 
353 
396 


313 
401 


317 
361 
405 


410 


326 
370 
414 


330 
374 
419 


335 
379 


383 

437 




87 
SB 


432 
520 


436 
480 
524 


484 
528 


489 
538 


449 

537 


454 
498 


458 
546 


506 
550 


467 
911 

555 


55!) 




990 


564 


668 


572 


577 


681 


689 


590 


594 


699 


603 


«1 
92 


607 
(SI 
695 


612 
699 


616 
6fi0 
704 


621 
664 
708 


626 
713 


629 
673 
717 


634 
677 
731 


638 
682 


642 
730 


647 
691 


95 
1)6 


739 

782 


743 
787 
830 


747 
791 


752 
795 
839 


756 
800 
843 


760 
804 
848 


765 
862 


813 


774 
817 
861 


778 
822 




97 
99 


370 
913 
95T 


874 
917 
9S1 


878 
9J2 
965 


883 
926 
970 


930 
974 


891 


896 
939 
983 


900 
944 


948 
991 


909 
953 




1000 


00 000 


0(14 


009 


013 


017 


023 


026 


aw 


036 


039 


!T, 





1 


2 


3 


4 


6 


6 


7 


8 


9 


Prop. Pta. 



20 Table la — Condensed Logarithms and Antilogaritlims [la 

CONDENSED LOGAKITHMS TO FIPTEEH DECIMAL PLACES. 



[Tho first digits of n are giTen in the first ruw at the top ; tlie la 
the left-hand cnhiran. Thu first colnran of logarithms are tliose of ' 
'I'he remaining columns give lojj (1 + x), where x = (.1)* times 1, 2, - 



■',»]" ■' 



Is 


FiiBt Digit of «-> 


1. 


1.0 


1.00 


Lo6» 


First Digits 

otl(.gn-> 


.0 


m 


1 

2 

8 
9 


OOOOO OOOOO OOOUO 
30103 99956 63981 
47713 12547 19«ti3 
mm 90913 37962 
(i9S9r 0U043 36019 
7781S 13503 83844 
84E09 80400 14257 
90308 90869 91944 
95424 260W: 39325 


04139 3885168225 
0791813460 47626 
11394 33623 0883T 
14612 80356 78338 
1760912690 55681 
20411 998!»B6935 
23044 89213 78274 
2552T 25061 03301! 
27875 36009 62829 


Ot32 13737 83643 
0860 01717 61918 
13837^47 05172 
1708 83393 98780 
311$ 02990 69938 
2630 68692 64770 
2938 37776 86210 
3343 37554 86960 
3T42 64979 406-24 


043 40774 79319 
086 77216 31227 
130 09330 20418 
173 37128 09001 
216 606l7 66608 
359 7980719909 
803 94706 63618 
346 0633109506 



1.00000 1.000000 l.OOOOOOO 1.00000000 



21 70929 T3230 



30 38997 84813 
34 72966 86364 
39 06892 40910 



1 78714 31850 

2 1T141 81346 

2 60668 87216 
" 03995 49761 

3 47431 688M 
90847^ 



S3335 
1787 17768 
Sm 47187 
260S 76611 



043 43945 
086 85890 
130 28634 
178 71779 
217 14724 



17 37178 
31 71473 
26 06767 
30 40061 
34 74366 



B within 3 in the 17th place, whoto M = 
ultiples of M escept lor the decimal place, 
e oolnmns that would follow have tho same significant digits displaced eaeli 



CONDENSED AWTILOGAE ITEMS TO TEW DECIMAL PLACES. 
The first digits of Ji are given in tho first row at the top ; it = (0.1)* ai ; K = 
■ ■ ■ , 9 are given in tlie left-hand mlumn. The first digits in lOn are given in 
ind row at the top.] 



X 


n = .U 


.01s; 


Mix 


,0001a; 


(,1)5j: 


(,I)6^ 


(.1)7=; 




lO" 


.. 


1,0 


1,00 


1,000 


1,0000 


l.OOOOO 








0330 62381 






023026 


02303 


2 


1.68489 31936 


04713 86481 


W61 57903 


W6 06231 


(»6062B 


46062 


04605 




1.99626 23IE0 


071B1 98063 


069S 16689 


06910142 


06 90799 


69078 


06iW8 






0964T 81961 


0926 28861 


09314588 


09 21070 


921W 


09210 








1167 94643 


11619566 


1161369 


116130 


11613 




















6,01187 33363 


17489 75649 


162486939 


161 31093 


16 11939 


1 01182 


6118 




6.30957 34448 


20326 44346 


1369 13881 


134 37697 


18 42238 


184209 


842! 




7.^338 33473 


2302687708 


axis 94837 


207 44753 


20 72541 


3 073S5 


20723 



[For !i< .000001, 10" = 1 + n. (l/if) to witMn 3 in the 12th deoimnl plai 
(1/M) = 2.302586 ■- -. Hence the last coUiftin gives mnltiples of QyjAf^iM 
decimal place. All the columns that would follow cdnCaiD the sauib si 
d%ita displaced one place foe eacli new column.] 



TABLE II 
ACTUAL VALUES 

TRIGONOMETRIC FUNCTIONS 

0° TO 90° AT INTEUVALS OF ONE MINUTE 
FIVE DECIMAL PLACES 



^ 


itt 


T-:- 


M 


^■if 






'gg ::|: 


T 




t|::: 


1 


m 





'%r 




^ 


f^ 


/ 


^ 


y 


'tI 


i 


^'^' 




^ 


^ 


\ 


^-^'^ k 


i 


-: i i. ^4 


11 


i 


trie Fundi 




(1 


B 



22 


0° — Values ot Trigonometric Functions — 1 




[11 


T 


Sia 


Tan 


Cto 


Cos 








Sin 


Tan 1 Ctn 


Cos 




T 


,00000 


.00000 




1.0000 


60 





.01745 


.01746 


57.290 


.99985 


60 




<y>si 




3437.7 


000 


,59 






774 


776 


56.351 


mi 


69 




053 


058 




000 








803 


804 


60.442 


984 


08 


3 


087 


087 


1145!9 










832 






983 






116 


116 


859.44 


000 


56 




4 




862 


63.709 


983 




6 


.00148 


.00140 


687.65 


1.0000 


S5 




5 


.01891 


.01891 


52.882 


.99982 


55 




176 


176 


572.96 


000 






6 




920 


52.081 




64 


7 


204 


304 


491.11 








7 


949 




51.303 


981 


53 




233 


233 


429.72 


000 


62 






.01978 


.01978 


50.649 


980 




g 




263 


381.97 


000 


61 




9 


.02007 


.02007 


40.S16 


980 


51 


10 


.00391 


.00391 


343.77 


1.0000 


GO 




10 


.02036 


.02036 


49.104 


.99979 


SO 






320 


312.52 




49 






0B5 


066 


48.413 


979 




12 


349 


349 


286.48 




48 




12 


094 


095 


47.740 


978 


48 


13 


378 


378 


264.44 


999 


47 




13 




124 




977 


47 




407 




246.60 




46 






162 


153 


46!449 


977 




IG 


.00436 


.00436 


239.18 


.99999 


49 




19 


.02181 


.03183 


45.839 


.999T6 


46 


IK 


46S 


^ 


314.86 


999 


44 




16 


311 


211 


45.326 


976 






495 


495 


202.22 




43 




17 


240 


340 


44.639 


975 


43 






324 


190.98 


999 






18 


269 


269 


44.066 


974 


42 


19 


553 


553 


180.93 


998 


41 




19 


298 




43.008 


974 




20 


.005S3 


.00582 






40 




20 


.03327 




43.964 


.99973 


40 


21 


611 


611 


163>0 


998 


39 




21 


366 


307 


43.433 


972 






640 




156.26 


998 


38 






335- 


386 


41.916 


973 


38 








149.47 


998 








414 






971 


37 


34 




698 


143.24 


998 






34 


443 


444 


40.917 


970 




25 


.00727 


.00727 


137.51 


.99997 


3G 




2S 


.02472 


.02473 


40.436 


.99969 


35 


26 


756 


706 


132.22 


997 


34 




26 


501 


502 


39.965 


969 




27 


785 




127.32 


997 






37 


530 


531 


39.006 


S63 


33 










997 










660 


39.057 


967 








844 


118.64 


99<i 


31 










38.618 




31 


30 


.00ST3 


.00873 


114.69 


.99996 


30 




30 


.03618 


.02819 


38.188 


.99966 


30 




902 


903 


110.89 




39 




31 


64T 


648 




965 


29 




931 


931 


107.43 


996 


28 




32 


676 


677 


37;358 


964 


28 




960 


960 


104.17 


995 






33 


706 


706 


36.966 


963 


27 


34 


.00989 


.00989 


101.11 


996 






84 


734 


736 


36.063 


963 




39 


.01018 


.01018 


98.218 


.99995 


29 




3S 


.03763 


.0376* 


36.178 




26 


38 


047 


04T 


95.489 


995 


24 




36 


792 




35.801 


9B1 


24 




076 


076 


93.908 


994 






37 


831 




36.431 


960 




3H 


105 


105 


90,463 


994 


23 






850 


851 


35.070 


959 




39 


134 


135 


88.144 


il94 






30 


879 


SSI 


34.716 


959 


21 


40 


.01164 


.01164 


86.940 


.99993 


SO 




40 


.02908 




34.368 


.99958 


SO 




193 


193 


83.844 


993 






41 


938 


939 


34.027 


957 






232 




81.847 










967 




33.694 


956 




43 


261 


261 


79.M3 


992 


17 




43 


.02996 




33.366 


956 






280 


280 


78.126 


993 


16 




44 


.03035 


.03026 


33.M6 


954 


16 


4S 


.01309 




76.390 


.)»9991 


IS 




45 


.03064 


.03055 


33.730 


.^1 


19 






338 


74.729 


991 


14 










32.421 


14 


47 


367 


367 


73.139 


991 


13 




47 


U2 


114 






13 


48 




396 


71.615 


990 


13 




48 


141 


143 


31.821 


961 


12 




425 


425 


70.163 


990 






49 


170 


173 


31.538 


960 


11 


SO 

31 


.01454 
483 


.01466 
434 


68.760 
67.403 


■9^ 


10 

9 




SO 

51 


.03199 


230 


30!960 


.99^9 
848 


10 


52 


S13 


513 


66.106 








02 


257 


B59 




94T 




Ki 






64.858 


938 






53 


286 




80413 


946 


7 




071 


671 












316 


317 


30.146 


946 




55 


.01600 


.01600 


62.499 


.9S987 


G 




59 


.03345 


.08346 




.99M4 


6 


m 




639 


61.383 


9S7 






56 


374 


376 


29.624 


943 




57 


658 


658 


60.30(i 




3 




67 


403 


405 


29.371 


942 


3 


as 
r.9 


716 


716 


69.366 
58.301 


936 






58 


432 
461 


4.34 
163 


29.133 
28.877 


941 
940 




60 


.01745 


.01746 


67.290 


.999B6 







il 


.03490 


.03492 


38.636 









Cob 


GCa 


Tan 


Sia 


' 




Cos 


Ctn 


Tan 


Sin 


' 



«] 


S'-T 


alues 


Of Ti 


igo 


Eon 


letric F« 


nctioi 


iS-3 




23 




Sin 


Tan 


ctn 


Cob 








Sin 


Tan 


ctn 


Cob 




~0 


.0^90 


.03493 


28,636 


,99939 


60 


"^ 


,05234 


.06341 


19.081 


,83863 


60 




619 


521 






59 






263 


370 


18.976" 








548 






937 






3 


393 




.871 


860 




3 


577 


579 


a7.937 


936 


67 






331 




.768 




57 




606 


609 


.713 


93.5 








350 


357 




857 


66 


9 


.03635 




27.490 




65 




9 


.05379 




18.564 


.99869 


66 




664 


66T 


.271 










408 


416 


.464 


854 


64 


7 






37.057 




53 




7 


437 


445 


,366 




53 


8 


733 


735 


26,845 


931 


63 






466 


474 


.368 


851 


63 




-752 


754 


.637 


930 






9 


495 


503 


.171 


849 


61 


10 


.03781 


.03783 


26.433 


.99939 


50 




10 


.05534 


.06633 


18,075 


.99847 


60 




810 


813 


,2:« 


927 


49 






653 




17.980 


846 


49 




839 


843 


36,031 


936 


















13 


868 


871 


2B.8S5 


925 






33 


611 




>93 




47 


14 




900 


.643 


924 


46 




14 


640 


649 


.702 


841 


46 


IS 




.03929 


36.452 


.99923 


46 




IS 


.06669 


.05678 


17.611 




45 




965 


958 


.364 


923 






16 


698 


708 


.621 




44 




.03984 




25,080 


931 






17 


737 


737 


.431 


836 


43 


la 


,04013 


.04016 


24,898 


919 


43 




18 


756 


766 


.343 


834 


^ 


19 


042 


046 


.719 


918 


41 




19 


789 


796 


.366 




41 


20 


.IM071 


.04075 


24.542 




40 




SO 


.05814 


.05824 


17.169 


.99831 


40 




100 




,368 


916 


39 




31 


844 


864 


17.084 




39 


22 


129 


133 


.196 


915 






22 


873 




16.909 


837 




33 


159 


162 


24,026 


913 


37 




23 


902 


912 


.919 


836 


37 


24 


188 


191 


33,859 


912 


36 






931 


Ml 




834 




36 




.04320 


23,695 




35 




2S 


.05960 


.06970 


16.760 




36 


26 


246 


360 




' 'sio 


34 






.05989 


.05999 




821 


^ 


27 


375 


279 


.372 


909 


33 




27 


.06018 


.06029 


1587 


819 




28 


304 


308 


.314 


007 


33 




28 


047 


058 


.507 


817 


32 


2U 




337 


23.058 


906 


31 






076 


087 


.428 


815 


31 


30 


.04362 


.04366 




.mtsi 


80 




30 


.06105 


.06116 


16.350 


.90813 


30 


31 


391 




'.752 


904 


29 




31 


IM 


145 


.372 


813 


39 


33 


420 


424 


.603 


903 








163 


175 


.195 


810 


28 




449 




.454 


!)01 


37 






193 


204 


.119 


808 


27 


34 


478 


483 


.308 


. 900 






34 






16.043 


806 


36 


39 


'.04507 


.04513 


22,164 




26 




36 


.06260 


.06363 


15.969 


.99804 


26 




636 


541 


33,023 


897 


24 




36 


379 


201 


.805 


803 


34 


37 




570 


31.881 


896 


23 




37 


308 


331 




801 






594 


599 


.743 


894 












!74S 


799 




3il 


623 


628 


.606 








39 


m 


379 


.676 


797 


21 


40 


.04653 


.04658 


21.470 








40 


.06396 


.06408 


15.605 


.99795 


20 




682 


687 


.337 










424 


438 


.634 


793 


19 




711 












43 




467 


.464 






43 


740 


745 


31.075 








43 


483 


496 


.394 


790 


17 


44 


7R9 


774 


20.916 








44 


611 


925 


,825 




16 


45 


.04798 


.04803 


20.819 


.99885 






46 


.06540 


.06554 


15.367 


.99786 


16 




827 


833 














584 




784 




47 




863 










47 


698 


613 


.123 


783 


13 


4S 


885 


891 


.446 


881 






43 


637 


642 


19.056 


780 


13 


49 


914 


930 




879 






49 


656 


671 


14.990 


778 


11 


50 


.04943 


,04949 


20.306 


.99878 






SO 


.06686 


.06700 


14.924 


.99776 


10 


51 


.04973 


.04OT8 


20.087 


870 






51 


714 


730 


.860 


774 


9 


53 


,05001 


.06007 


19.970 


876 






63 


743 


759 


.795 


773 




53 


030 


037 




873 






53 


773 


788 


.733 


770 


7 




059 




;740 










803 


817 




768 




86 




.05095 


19.627 








66 


.06831 


.06847 


14.606 


.99766 


S 


56 


117 


134 


.616 








56 




876 


.644 


764 


4 


57 


146 


153 


.406 




3 




57 




905 


.482 


763 




58 


175 


182 




866 






58 


918 


934 


.421 


760 


2 




305 




Il88 


864 








947 


983 




758 




60 


.05234 


,05341 


19.081 


.99863 







JO 


,06976 


.06H93 


14.301 


.09756 







Cos 


Ctn 


Taft 


Sin 






Cos 


Ctn 


Tan 


Sin 





24 


4' — Values of Trigonometric Functions — 6 




[11 




Sin 


Tan 


CtQ 


Cos 








Bin 


Tan 


eta 


Cos 




~0 


.08976 


.06993 


14.301 


.99756 


60 





.08716 


.08749 


11,430 


.mmg 


80 




.07oa^ 


.07022 


.241 


75i 


59 






746 


778 




617 


59 


2 


034 


061 


.182 


762 






2 


774 


807 


1354 


614 




3 


063 


080 




750 


B7 




3 




837 


.316 






1 


093 


310 


!066 


748 








831 




.279 


609 


56 


5 


.07121 


.07139 


14.008 


.99746 


55 




6 






11.342 




66 


6 


150 


168 


13.951 


744 










935 




604 


M 




179 


19T 


.894 


742 






7 




954 


!l68 


602 


53 




208 


337 


.838 


740 


52 






947 




.133 


699 




a 


237 




.783 




51 






.08976 


:09013 


.095 




51 


10 


.07260 


.0T285 


13.727 


.99736 


60 




10 


.09005 


.09043 


11.059 


.99594 


50 




293 


314 


.672 


734 


49 




11 


034 


071 


11,034 


591 




12 


324 


344 


.617 


731 


48 






0^ 


101 


10,988 




48 


13 


353 


373 


.663 


739 


47 




13 


0^ 


130 


.953 


586 


47 






402 


.510 


737 


46 




14 


121 


159 


.918 


683 




15 


.07411 


,07431 


13.4S7 


.99735 


45 




15 


.09160 


.09189 


10,883 


.99580 


45 


IB 


440 


461 


.404 


733 


44 




16 


179 


218 


.848 


578 


44 




469 


490 


.353 


721 


43 








247 


.814 


676 


43 




498 


519 


.300 


719 






18 


237 


277 


.780 


673 


43 


19 


627 


B48 


.248 


716 


41 




19 


366 




.746 


570 




30 


.0TB66 


.0T57S 


13.197 


.99714 


40 




20 


.09395 


.09335 


10.712 




40 


21 


685 


607 


.146 


7] 2 


39 






334 


366 


.678 


564 








636 


.096 


710 


38 




23 


353 


3M 


.646 


562 


38 




643 


665 










23 






.612 


559 


37 


24 


673 




12,996 


705 






24 


411 


453 


,579 




36 


25 


.07701 


.07724 


13.947 


.99703 


35 




26 


.09*40 




10.546 


.99663 


35 




730 


753 


.898 


701 


34 






469 


611 


,514 


551 


34 


27 


759 


782 


.850 










498 




,481 


548 


33 






813 




696 








527 


670 




546 


32 


99 


817 


841 


^764 


mi 


31 






656 


600 


'.417 


542 


31 


30 


.0784B 


.07870 


12.706 




30 




30 


.09585 


J)9839 


10,386 


.mm 


30 


31 


875 








29 




31 


614 


658 


.354 


537 




32 


9M 




!613 


687 








643 




.333 


534 


28 












27 




33 


671 






631 


37 


3i 


%3 


.07987 


.520 




26 




34 


700 


746 


.360 






35 


.07991 


.03017 


12.474 




26 




35 


.03729 


.09776 


10,229 


.99626 


25 


36 




046 


.429 


678 


24 






758 


805 


.199 


52;) 


24 


37 




076 


.3&4 








37 


787 


834 


.168 


820 




39 


078 
107 


104 
131 


:395 


673 
671 


22 
31 




38 


816 
84B 


864 


.138 
.108 


517 
514 


22 


40 


.08136 


.08163 


12,261 
.207 


.99668 
666 


20 




40 

41 


.09874 


.09933 
952 


10.078 
.048 


.99611 
608 


20 

19 




IM 


231 


.163 


664 






42 


932 


.09981 


10,019 


506 


18 


43 




251 


.120 


661 






43 


961 


.10011 


9.9893 


603 


17 


44 


263 


380 


.077 










.09990 


0*0 


.9601 


600 




46 


XI8281 


.08309 


12.036 


.99657 






46 


.10019 


.10069 


9,9310 


.9^97 


16 




310 






664 






46 


048 




,9021 


494 


14 








.950 


652 






47 


077 


128 


.8734 


491 


13 


4S 


368 


397 


.909 


649 






48 


106 


1B8 


.8448 


438 




49 




427 




647 






49 


135 


187 


.81M 


485 


11 


50 
51 


.08436 
456 


.08456 
436 


11.836 
.785 


.99644 
M3 






60 


.10164 

192 


.10216 
246 


9.7882 
,7601 


.9M83 
479 


10 


62 


484 


514 


.745 












375 


.7332 


476 




63 


613 




.705 


637 






63 


260 


305 


,7044 


473 






643 




.664 


636 






54 


279 


334 


.6768 


470 


6 


65 


.08571 


.08602 


11.625 








55 


.10308 


.10363 


9.6493 


.99467 


5 


5G 


GOO 


632 


.586 


630 






56 


337 




.6230 






57 
58 


658 


661 
690 


.946 








57 


395 


423 
453 


.5949 
.5679 


461 

458 


I 




687 


720 


:468 


633 








424 


481 


,5411 


465 




SO. 


.08716 


.08749 


11.430 


.99619 






60^ 


.10453 


.10510 


9.5144 


.99453 


_0 




Cos 


CtB 


Tan 


Sin 






Cos ' Otn 


Tan 


Sin 





6" — Values of Trigonomoti'ic runctions — 7" 





Sin 


Tan 


Ctn 


Cos 







.10463 


.10510 9 


5144 


.9M52 


60 




482 


540 


48T8 








511 


569 


4614 


446 


38 




540 




4352 


443 


57 




569 


628 


4090 


440 


56 


5 


,10537 
628 


.10657 9 


3572 


.99437 
434 


5S 


7 


G55 


716 


8S16 


431 


63 


6 


(m 


746 


3060 


438 


52 




713 


775 


.2808 


424 


61 


10 


.10742 


.10805 9 




.99421 


50 


11 


771 


834 


2302 


418 


49 


12 


800 




3052 


415 


48 


13 






1803 


413 


47 






933 


1565 


409 


46 


Ifi 


.10887 


.10952 9 


1309 


.99406 


45 


1(! 


916 


.10981 


1065 


403 


44 


17 


945 


.11011 


0821 


399 






.10973 


(MO 


0679 


306 






.11003 


070 






41 


20 


.11031 


.11099 9 


0098 




40 


■21 


060 


138 8 




386 


39 


32 


089 






383 


38 






187 


9387 




37 


24 


147 


217 


9152 


377 


36 


26 


.11176 


.11346 8 


8919 


.99374 


86 


2fi 


203 


276 


8686 


370 


34 


27 


234 


305 


S4S5 










336 




3C4 


33 


29 


291 


3I» 


7996 


360 


31 


30 


.11320 


.11394 8 


7769 


.99357 


SO 


31 


349 


423 




354 


29 




378 


453 


7317 


351 






407 


483 


7093 


Sil 


27 


34 


436 


511 


6870 


344 


36 


3S 


.11465 


.11541 8 




.99341 


26 


3S 


494 




i43r 






38 


623 


600 




334 
331 


33 


S3 


580 




(772 


327 


21 


40 


.11609 


.11B8S 8 




.99324 


20 




638 


718 


840 




19 




667 


747 


5120 


317 


18 


43 


696 


777 


4913 


314 


17 




725 


806 


4701 


310 


16 


iS 


.11754 


.11836 8 


4490 


.99307 


19 




783 


863 


4380 


303 


14 


47 
4S 


813 
810 


895 


Kvri 


300 


13 
13 






954 


1666 






50 


.11898 


.11983 8 


3450 




10 


51 


927 


.12013 


3245 






62 


956 


043 


<041 


283 




53 


.11985 


072 






7 


54 


.12014 




3636 


376 




55 


.13043 


.12131 8 


2434 


.99272 


6 


57 


071 
100 


160 
190 


3234 


369 


4 
3 




129 


219 


1837 




2 




158 


349 


1640 




1 


80 


.12187 


.I22T8 8 


1443 


.99255 







Cos 


Ctn 


an 


Sin 


' 



' 


Sin 


Tan 


Ctn 


Coa 







.12187 


.13278 


8.1443 


.99255 


60 






308 






59 


2 


345 




.1054 


248 


68 


3 


274 




.0860 


244 


67 


4 


303 


39T 


.0667 


,340 


66 


S 


.12331 




8.0476 




55 


6 

7 


360 


485 


.0385 


■ "233 


64 
63 




418 


515 


7:990s 


236 




9 


447 


344 


.9718 




51 


10 


.13476 


.13574 


7.9530 


.99219 


60 


11 


504 




.9344 


215 




12 


633 


633 


.9158 


211 


48 






663 


.8973 


208 




14 






,8789 


204 


46 


15 


.12020 


.13723 


7.8606 


.99200 


4S 


16 


649 


7D1 


.8424 


197 


44 




678 


731 


,8343 


193 


43 


18 


T06 


810 


,8002 


189 


42 


19 


735 






186 


41 


20 


.12764 


.12869 


7,77W 


.99183 


40 


21 


793 




,7536 


178 


39 


32 


822 




.7348 


176 


38 


23 


861 


968 




J71 


37 


34 




.12988 


.6996 


167 


36 


26 


.13a08 


.13017 


7.6821 


.99163 


SS 




937 


047 


.6617 


160 


34 


37 


966 


076 


.6473 


156 






.13993 




.6301 


152 




30 


.13024 


136 


.6129 


148 


31 


30 


.13033 


.13165 




.99144 


30 




081 




.3787 








110 


324 


.5618 


137 




33 


139 


264 




133 


27 


34 


168 


284 


.6381 


139 


26 


35 


.13197 


.13313 


7.5113 


.09125 


25 




226 


M3 


.4947 


133 


2i 


37 


234 


372 


:47ei 


118 




38 




402 


.4615 


114 


33 




312 


433 


.4451 


110 


31 


40 


.13341 


.13461 


7.4387 


.99106 


20 


41 


870 


491 


.4124 


102 


19 


43 


399 


631 


.3962 


098 


18 


43 


437 


550 


.3800 


094 


IT 


44 


460 


580 


.3039 


091 


10 


46 


.13486 


.13609 


7.3479 


.99087 


16 


46 


514 


639 


.3319 






47 


543 


669 


.3160 








572 


698 


.3002 


076 


12 


49 


600 


728 


.3344 


071 




SO 


.13629 
658 


.13763 
787 


7.2887 
.2531 


.99067 
063 


10 

9 




087 


817 


.2375 


069 








840 




065 


T 


64 


744 


876 


:2O60 


061 


6 


55 


.13773 


.13906 


7.1913 


.99047 






803 


935 


.1759 


043 


4 


57 


831 




.1607 


039 


8 


68 


860 


.13995 


.1456 


035 


2 


59 




.14034 


.1304 


031 




60 


.13917 


,14054 


7,1154 


,99027 







Cob 


Ctn 


Tan 


Sin 


' 



S^^Valnes ofTrigonomeMc Functions — 9" 



T 


Sin 


Tan 


Ctn 


Cos 




~o 


.13917 


.1406t 


7.1154 


.99027 


SO 




a4B 


0S4 


.1004 


023 


69 


2 


.13975 


113 


.0855 


019 






.140(M 


143 


.0T08 


015 


67 




033 


173 


.0563 




66 


6 


.14061 


.14203 


T.0410 


.99006 


66 




O90 


332 


.0264 


.99002 


54 


7 


119 




7.0117 




63 




148 




6.9972 


994 




9 


17T 


321 




990 


61 


10 


.14205 


.14351 




.98986 


60 




334 


381 


'.(ms 




49 


12 


2fi3 


410 


,9395 


978 


48 


13 


392 


440 




973 


47 


14 


320 


470 


!9110 




46 


16 


.14349 


.14499 






45 


16 


378 






961 


44 


17 


407 


559 




957 


43 


18 


438 


688 


.8648 


953 


43 


19 


464 


618 


.8408 


•m 




20 


.14493 


.14648 


6.8269 


.98914 


40 


21 


523 


678 


.8131 


940 


39 


23 


BBl 


TOT 


.7994 


936 




23 


580 


737 


.7856 


931 


37 




COS 


T6T 


.7730 




36 


25 


.14637 


.14796 


6.75^ 




36 


2G 




826 


.7448 


919 


M 


27 


695 


850 


.7313 


914 


33 




73.'i 




.7179 


910 


32 




752 


915 


.im 


908 


31 


30 


.14781 


.14946 


6.6913 




30 




810 


.14975 


.6779 


897 


29 


32 


838 


.15005 


.6646 




33 




867 


(m 


.6514 






34 




064 


.6383 


884 


26 


35 


.14925 


.150M 




.98880 


35 


36 


9fi4 


124 


!6132 


876 


24 




.14983 


163 




871 


33 




.15011 


183 






33 


39 


040 


213 


.5734 




31 


40 


.15069 


.15243 


6.5606 


.98858 


20 




OW 


272 




854 


19 


42 


126 




.6350 




18 


43 


1B6 


333 


.5223 


845 


17 


44 


184 




.5097 


841 


16 


45 


.15213 


.15391 


6.4971 




IS 




241 




.4846 






47 


370 


451 


4731 




13 


48 




481 


.4596 




12 




337 


611 


.4473 


818 


11 


50 

51 


.15356 


.15640 
570 


6.4ftlS 
A225 


■^9 


10 


B2 


414 


600 


.4103 


805 


8 


63 


442 


660 


.3980 


800 
796 


7 
6 


55 


.16500 


.15689 


6.3737 


.98791 


5 






T19 


.3617 


787 


4 


57 


657 


749 




783 




as 


686 


779 




778 


2 


59 


615 


809 


.8357 


778 




60 








.98760 







C03 


Ctn 


Tan 


Sin 


' 





Sin 


Tan 


Ctn 


Cos 







.15643 




6.3138 


.987ii9 


"eo" 


1 


672 




.3019 


764 


r^ 


3 


701 


898 


.3901 


760 






730 


938 


.2783 


755 




4 


758 


958 


.2666 


761. 


66 


B 


.15787 


.16988 


6,2549 


.98746 


55 


6 


816 


.16017 


.3432 


741 


54 


7 


845 


W7 


.2316 


737 


53 




873 




.2200 






9 


903 


107 


.2085 


728 


51 


10 


.15931 


.16137 


6.1970 


.98733 


50 




969 


167 


.1366 


718 




13 


.16988 


196 


.1742 


714 


48 


13 
14 


.16017 
046 


266 


.1638 
.1615 


709 
704 


47 
46 


IS 


.16074 


.16386 


6.1403 


.98700 


45 


16 




316 


.12!i0 


695 




17 


133 


346 


.1178 


690 


43 


18 


160 


376 


.1066 


686 


43 


19 




409 


.ima 


631 


41 


20 


.16318 


.16435 


6.0844 


.98676 


40 


31 




466 




6J1 




22 


375 


495 


.0634 


667 


38 




301 


635 


.0514 


663 


37 


24 


333 




.0409 


667 


36 


25 


.16361 


.16685 


6.0296 


.98653 


35 


36 




615 








27 


419 


645 






33 




447 


674 


5.9972 




32 




476 


704 


.9865 




31 


30 




.IfflU 


5.9T68 




30 


31 


533 


764 


.9081 






33 


663 


TM 


.9545 




28 




691 


834 


.9439 


614 


27 


31 




864 


.(J333 


609 


26 


as 


.16648 


.16884 


C.9238 


.98604 


S5 


86 


677 


914 


,9134 


600 


24 


37 


70B 


1)44 


.9019 


695 


23 




734 


.16974 


.8919 




23 


39 


763 


.noM 


.8811 


685 




40 


.16793 


.17033 




.93580 


20 




820 


063 


,8605 


675 


19 




849 


093 


.8502 


570 


18 


43 


878 


133 


.8400 


666 


17 


44 


906 


153 




661 




43 


.16935 


.17183 


5.8197 


.98556 


15 


46 


964 


213 




551 


14 


47 


.16992 


243 


>9SM: 


546 


13 


48 


.17021 


2T3 


.7894 


641 


13 


49 


050 




.771>t 


536 




60 


.17078 


.17333 


5.7694 


.93531 


10 




107 


363 


.7.'i94 






53 






.7495 


521 




53 


164 




.7393 


616 






193 


453 


.7397 






66 


.17223 


.17483 


6,7199 




6 




350 


513 


.7101 


501 


4 


57 


279 


643 


.7004 


4m 


3 




308 


673 




491 


2 








.6809 






60 


.17.365 


.17633 


5.6713 


.98481 


_0 




Cos 


Ctn 


Tan 


Sin 





10°— Talues of Trigonometric Functions — 11" 



' 


Sin 


Tan 


Ctn 


Coa 







.17366 


,17633 


5.6713 


.98481 


60 




422 


663 


.6617 
.6531 


471 


58 




4S1 


733 


.6425 


466 


57 


4 


479 


753 




461 




5 


.17508 


.17783 


5.6234 


,98455 


88 




537 


813 


.6140 


450 


54 




r,ti5 


843 


.6M5 


446 


53 








.6951 


440 


,52 


tl 


6^ 


903 


,5857 


435 


51 


10 


.17651 


.17033 


5.576* 


.98430 


80 


11 




963 


.6671 


425 


49 


12 


708 










13 


737 


.18023 


.5485 


414 


47 


14 


766 


0B3 




409 


46 


15 


.17794 


.18083 


5.5301 


.98404 


4S 


W 






.5209 


399 




17 




143 


.6118 


394 


43 






173 


.5026 




42 




909 


203 


.4936 






30 

ai 


966 
.17995 


.18333 
363 
293 


6.4845 
.4755 
.4665 


.98378 
373 
363 


40 

38 


23 


.18033 


333 


.4675 




37 




0,52 


353 


.4486 


357 


36 


2S 


.13081 


,18384 


5.4397 


.93353 


36 


26 


109 


414 


.4308 


347 


34 


37 


138 


444 


.4219 


341 


33 




166 


474 


,^131 


336 








6M 


.4043 




31 


30 


.18224 


.18534 


5.3955 


.98335 


80 


31 


252 


664 


,3868 


320 


29 


32 


281 


691 


.3781 


315 


38 




309 


624 


.3694 


310 


27 


34 


338 


6B4 


.3607 


304 


36 


35 


.18367 


.18684 


5.3521 




26 


33 


398 


714 


.3435 


.391 


34 




424 


746 


.3349 




23 




4.'32 


775 


.3363 








481 


806 


.3178 


377 


31 


40 


.18509 


.18835 


6.3093 


,08372 


20 




638 




.3008 


267 


19 




867 






261 


18 


43 


595 


935 




366 


17 


44 


624 


956 


.2755 


260 


16 


4fi 




.18986 


5.3672 


.98345 


18 


46 




.19016 




240 




47 


710 


046 


!2o05 


334 


13 


48 


738 


076 


.2422 




12 


49 


767 


106 




323 




50 


.18795 


.19136 


6.2267 


.98218 


ID 


51 


834 


166 


.2174 


313 




52 




197 


.2092 


207 




53 


881 


227 


.3011 


301 


7 




910 


-357 


.1939 


19ft 




se 




.19287 


6,1848 


.98190 


8 


56 


967 


317 


.1767 


185 


4 


B7 




347 


.1686 


179 




58 


!l9024 


378 


.1606 


174 


3 


59 


052 


408 








60 


,19081 


.I9i38 


5.1446 


.93163 







Cos 


Ctn 


Tau 


Sin 


' 



' 


Sin 


Tan 


Ctn 


Ooa 







,19081 


.19438 


5;}«« 


,98163 
167 


60 

59 


2 


138 




!m6 


152 






167 


529 


.1207 


146 


57 


4 


105 


559 


.1138 


140 


56 


9 


.19224 




6.i(a9 


miss 


55 




253 


619 


.0970 


139 


54 


7 


281 


649 


.0892 


124 


53 


8 


309 


680 


.0814 


118 




9 


338 


710 


,6736 


113 


61 


10 




.19740 


6.06B8 


.08101 


60 




395 


770 


.0681 


101 




13 


423 


801 


.0504 




18 


13 






,0437 


090 


47 


14 


481 


861 


.0380 




46 


15 


.19509 


.19801 


6.0273 


.08079 


46 


16 


538 


921 


.0197 


073 


44 


IT 




963 


.0131 




13 


18 


696 


.19982 


6.0046 


061 


42 


19 


623 


.20012 


4.9960 


056 


11 


20 




.20043 


4.98^ 


.98060 


40 


21 




073 


.9810 


044 




22 


709 


103 


.9744 




38 




7.87 


133 


.9669 




37 






164 


.9594 


037 


36 


25 


.19794 


.20194 


4.9B20 


.98021 


36 








.9446 


016 


31 


27 


851 


364 


.9373 


010 


33 


28 


880 


285 




.98004 


32 


29 


908 


316 


!9335 


.97998 


31 


80 


.19937 


.30316 


4.9152 


.97993 


80 


31 


965 


876 


.9078 


987 


29 




.19994 


406 


.9006 


981 


28 




.20033 


136 




076 


37 


34 


061 


466 


!8860 




26 


3fi 


.30070 


.20197 


4,8788 


.97063 


35 


36 


108 


627 


.8716 


958 


24 


37 


136 


667 


.8644 


053 


33 






688 


.8573 


946 




39 


193 


618 


.8501 


040 


21 


40 


.20222 


.20648 


4.8430 


.97934 


20 




250 


670 


.8359 




19 


42 


279 


709 




022 


18 


43 


307 




;82I8 




17 


44 




770 


.8147 


010 


16 


45 


.20364 


.30300 


4.8077 


.97906 


15 


46 




830 


.8007 


809 




47 


431 


861 






13 


48 


450 




!7367 






49 


478 


921 


.7798 


881 




SO 


.20507 


.20962 


4.7729 


.97875 


10 


51 


635 


.30983 


.7659 


869 


9 


52 


663 


.21013 


.7691 


863 


8 


63 


693 


043 


.7522 


857 


7 






073 


,7453 


851 




85 


.30619 


.31104 




,97M5 


6 


56 


677 


134 


^7317 


830 




67 


708 


164 


.7249 






68 


734 


ISi 


.7161 




2 






225 


.7114 


821 




_60 


.30791 


.21256 


4.704R 


.97815 







Cos 


Ctn 


Tan 


Sin 


' 



12" — Values of Trigouoinctilc Functions — 13" 



~r 


Sin 


Tan 


Otn 


Gob 




"o" 


.30791 


.21256 
286 


4.7046 
.697W 


.97815 
809 


60 


a 


848 


316 


.6912 


803 




3 




347 




797 


57 


i 




377 


!6779 


791 


56 


s 


.20933 


.21408 


4.6713 


.977M 


55 


6 


96-2 


438 


.6646 


773 


64 


7 


.30990 




.6580 


772 


63 


8 


.21019 




.6514 


766 




9 


047 


629 


.6448 


700 


51 


10 


.21070 


.21560 


4.0382 


.977M 


SO 




104 


6B0 


.6317 


748 


49 


12 


132 


621 


.0252 


742 


48 


13 


181 


651 


.6187 


736 


47 




189 




.6132 


739 


40 


IS 


.21218 


.21713 


4.6057 


.9772.'! 


45 


ll> 


246 


743 


.5993 


717 


44 


17 


27e 


773 




711 


43 




303 


804 


;5864 


705 


42 




331 


834 






41 


20 

21 


.21360 


.21864 


4.5736 
.5673 


■^68^ 


40 


33 


41T 


^ 


.5609 


680 






445 


956 


J1546 


673 


37 


24 


474 


.21986 


.5483 


667 


36 


25 


.21502 


.23017 


4.6420 


.97661 


35 


36 


630 


0*7 


.5367 


655 


34 


37 


569 


078 


.5291 


048 


33 






108 


.6232 






29 


616 


139 




636 


31 


30 


.31644 
672 


200 


4.6107 
.6<M5 


.97630 
623 


30 

29 




701 


231 


.4983 


617 


28 


33 


729 


201 


.4922 


611 


27 


at 


768 


293 


.4860 


6IA 


26 


36 


.31788 


.22322 


4.4799 


.97598 


26 




814 


363 


.4737 








843 


383 


.4676 


686 




m 


87! 


414 

444 


.4615 


679 
673 


33 
21 


40 


.21928 


.33476 


4.4494 


.97560 


20 




956 


505 


.4434 


660 


19 


43 


.31985 


536 


.4373 


653 


18 


43 


.22013 


667 


.4313 




17 


a 


041 




.4253 


641 


16 


46 


.22070 




4.4194 


.97534 


IB 


46 


098 




.4134 




14 


47 


126 


689 


.4075 


521 


13 


48 


155 


719 






12 




183 


750 


!3M6 




11 


50 


.22212 


.22781 


4.3897 


.97503 


10 


51 


340 


811 




496 




B3 




842 


!3779 




8 


53 


297 


872 


.3721 


483 


7 






903 


.3663 


476 


6 


55 




.229^ 


4.3604 


.97470 


5 


56 


333 


964 


.S>46 


403 




57 


410 




.3488 


467 




58 


438 


!33<Kfli 




460 


2 


B9 


167 


086 


.3372 


444 




60 


.33496 


.23087 


4.3,116 


.97437 







Cos 


Ctn 


Tan 


Sin 







Sin 


Tan 


Ctn 


Cos 







.22495 


23087 


4,3315 


.97437 


^-? 


1 


623 


117 


.3267 


430 




3 


563 


148 




424 






680 


179 


!3143 


417 




4 




209 




411 


56 


s 


.23637 


.23240 


4.3039 


.974M 


65 


6 




271 


.3973 


898 




7 
8 


693 

723 


301 
333 


.2916 


391 


53 




760 


363 


!2803 


378 


51 


10 


.23778 


.33393 


4.3717 


.97371 


SO 


11 


801 


434 




366 




12 


835 


456 








13 




485 


.2580 


351 


47 


14 


892 




.3524 


345 




15 


.22930 


,23547 


4.2468 




45 


16 


^3 


678 


2413 


331 


44 


17 




608 


.2358 


325 


43 


18 


.33003 


639 




318 


43 


19 


033 


670 


;2248 


311 




20 




.23700 


4.2193 


.97304 


40 


31 


090 


731 


.2139 


3M 


39 




113 


762 


.2084 


391 






146 


793 




284 


37 


24 


175 




.1976 


378 




S9 




.333M 


4.1923 


.97271 


35 










361 


,% 


27 


260 


918 


11814 


357' 


33- 




288 


946 


.1760 






29 


316 


.23977 


.1706 


214 




SO 


:23Si6 


JMOOS 


4,1653 


.97237 


30 


31 


373 


039 


.1600 


230 




33 


401 




.1517 


223 






429 


100 


.1493 


217 




31 


458 


131 


.1411 


210 


36 


36 


.23188 


.24102 


4.1388 


.97203 


2S 


36 


514 


193 


.1336 


196 


24 


37 


642 


223 


.1382 


189 




38 


571 


254 


.1230 


182 


23 


39 


699 




.1178 


176 


21 


40 


.23637 


.34316 


4.1126 


.97169 


20 


41 


6B6 


M7 


.1074 


163 




42 


684 


377 


.1022 


155 




43 


712 


408 


.0970 


148 






740 


439 


.0918 


111 




46 


.23769 


.24470 


4,0867 


.971^ 




46 


797 


601 


.0815 


137 




47 


825 


532 


.07M 


120 






853 


662 


.0713 


113 




49 




693 


.0662 


106 




SO 


.23910 




4.0011 


.97100 






938 




.0560 


093 






966 


686 


.0509 


086 




63 


.23995 


717 


.0159 






64 


.31023 


747 


.0408 


073 




6fi 


.24051 


.34778 


4.0358 


.97066 




56 


079 


809 


.0308 


098 






108 


840 




051 




68 


136 


871 


.0307 


044 






164 


902 


.0158 






60 


.34193 


.34933 


4.0108 


.97030 






Cos 


Ctn 


Tan 


Sin 


Z 



I] 


14"— Values of Trigonometric Functions — 15° 


29 




sin 


Tan 


Ctn 


Cob 


SO 




' 


Sin 


Tan 


Ctn 


Cos 






'>41'13 


.24933 


4.01O8 


.07030 





,35833 


.EC799 


3.7331 


,96593 


"so 




■"" 220 


964 


!0058 


033 


59 




1 


910 


826 


.7277 








249 


.34995 


4.0009 


015 


58 








857 


.7234 


578 






377 


.25026 


3.9959 


008 


67 






S66 




.7101 


670 


57 




306 


066 


.9910 


.97001 


66 




4 


.25994 




.7148 


563 


56 




.24333 


.25087 


3.9861 




S5 




e 


.26033 


.26991 


3.7ice 


.96556 


65 




362 


118 


.9812 


937 


64 




6 


050 




.7063 


647 


54 




390 


149 


.9763 


980 


63 




7 


079 


'37013 


.7019 


540 


63 




418 


180 


.9714 


973 


62 






107 


(m 


.6976 


632 


52 




446 


311 






61 






136 


076 




634 


61 




.34474 


.25343 


3.9617 




SO 




10 


.26103 


.27107 


3.6891 


.96517 


SO 




503 


373 


.9588 


953 


49 




11 




138 




509 


49 




531 


3M 


.9920 


949 


48 




13 


319 


169 


!6806 




48 




559 
587 


335 
366 


.mi 

.W33 


937 


47 




13 


247 
275 


201 


.6764 
.8723 


486 


47 
48 




.246IS 


.35397 


3.i)376 




4S 




IS 


.36303 




3.6680 


.96479 


46 




644 


438 


.9327 


916 


44 




16 


331 


2*1 


,6633 


471 






ei2 


459 


.9279 




43 




17 


359 


326 




463 


43 




700 


4B0 




902 


43 




18 


337 


357 


.6654 


466 


43 




728 


631 


i9184 


am 






19 






.6512 


448 


41 


20 


.34766 


.26652 


3.9136 


.96887 


40 




20 


.26443 


.37419 


3.6470 


.96440 


40 


21 


ISi 




.9089 




39 




21 


471 


451 


.6429 


433 






813 


614 


.9043 


873 






23 


600 




.6387 


425 


38 




841 


645 




866 


37 








513 


.6346 


417 


37 


24 


869 


676 


'.mil 


858 


36 




34 


■ 558 


645 


.6305 


410 




35 




.36707 


3.8900 


.96861 


S6 




25 


.36684 


.27678 


3.8264 


.96403 


35 


36 


935 


738 




844 


3i 






613 


607 




334 


34 


27 


954 


769 


!8807 


837 


33 




27 


640 




i6181 


■386 




as 


.M983 


800 


.8760 




32 




28 


668 


670 


.6110 


879 


32 


29 


.38010 


831 


.8714 




31 




29 


696 


701 


.6100 


371 


31 


30 


.35038 


.25862 




.96815 


30 




30 


.26734 


.37732 




.96363 


80 








18621 


807 






31 


762 


7M 


.6018 


35S 


29 




094 


924 




800 






32 


780 


795 


.5978 


347 




33 


132 


955 




793 


27 




83 


808 




.9937 


340 


27 


34 


151 












34 






.5897 


833 




35 


.25179 


.36017 


3.8436 


.96778 


25 




3S 


.26884 


.27889 






23 


36 


207 


048 


.8391 


771 


34 








921 


.5316 


316 


34 


37 


335 


079 


.8346 


76* 


23 




37 


930 


952 


.6776 


308 


23 






110 


.8399 


766 


33 




38 


948 


.27983 


.5736 


301 


32 






141 


.8354 


749 


21 






.26076 


.28016 






31 


40 


.25320 


.26172 


3.8308 


.96742 


80 




40 


.27004 


.38046 


3.6656 




20 


41 


348 




.8163 


734 


19 




41 




077 


.6616 


277 




43 


376 




Jfll8 


737 


18 




42 


060 


109 










404 




.8073 


719 


17 




43 




140 


.6536 


361 




44 


432 


397 




712 


16 






116 


173 


.6497 


353 




4B 


.25460 




3.7983 


.96706 


15 




45 


.37144 




3,5467 


.96346 




40 


488 


369 




697 


14 




46 


173 


23i 




233 




47 


516 


390 






13 




47 


200 


266 


.6379 






48 


545 


421 


.7848 




13 




48 


228 


297 




332 




4y 


573 


452 


.7804 


675 


11 




49 


256 






314 




so 


.35601 


.26483 


3.77fi0 




10 




60 


.37384 


.28360 


3.5361 


.96206 






629 


615 


.7715 


660 


9 




61 


312 


S91 


JS222 


198 










.7671 


653 


8 






340 


423 


.5183 






53 


6B5 


577 


.7637 


«6 


7 






368 


454 


JH44 






54 


713 


608 


.7583 








Hi 


396 


486 


.5106 


174 




65 

56 


.25741 


.26639 
670 


3.7539 
.7496 


"^ 


6 




65 
56 


.27424 
452 


.23517 
649 


3,5067 


.96166 




67 


798 


701 


.7451 




3 




57 


480 


580 


14989 






58 




733 


.7408 


608 








508 


613 


.4951 


143 




fiy 


8b4 


IfH 


.7364 


600 


1 








643 


.4912 


134 




60 


.25882 


.26796 


3.7321 


.ms^s 


_0 




60 


.27.'i64 


.38675 


3.4874 


,98136 






COB 


Cta 


Tan 


Sin 


' 




Cos 


Cln 


Tan 


Sin 





16° — Values of Trigonometric Functions — 17° 



' 


Sia 


Tan 


Ctu 


Ooa 







.37504 


.28676 


3.4874 


.96126 


80 


1 


593 


706 


.4836 


118 




2 






.4798 


110 


58 




648 


769 


.4760 


103 


97 




616 


801 


.4722 


094 




6 


.27704 




3.4684 


.96035 


65 


« 


731 


86i 


.4646 


078 


64 


7 


759 


895 


.4608 


070 


63 




787 


927 


.4570 


062 




9 


815 




.4533 


054 


61 


10 


.27843 


.38990 


3.4495 


.96IM6 


60 


13 


871 


033 


.4468 
.4420 


029 


48 


13 


927 


084 


.4383 


021 


47 




965 


116 


.4346 


013 


46 


16 


.27983 


.39147 


3.4308 


.96005 


46 


J6 
17 
18 


.33011 
039 
067 


179 
310 
242 


.4271 
.42M 
.4197 


.99997 


44 
43 

42 




095 


274 


.4160 


973 


41 


20 




.29305 


3.4124 


.96964 


40 


21 


150 




.4087 


956 


39 


32 


178 


368 


.4060 


M8 




23 


209 


400 


.4014 


940 


37 


2* 


234 


432 




931 




2S 




.29463 


3,3941 


.95933 


85 


20 


290 


495 


.39M 


916 


34 


37 
28 


318 
S46 


568 


.3868 
.3832 


907 
898 


33 
32 


39 


374 


590 


.3796 


890 


31 


30 


.28403 


.2%21 






3D 


31 


431) 


653 


.3723 


874 


29 




457 


689 




865 








716 


i3652 


857 


27 


3i 


S13 




.3616 


849 


26 


39 


.285il 


.29780 


3.3580 


.95841 


S6 






811 


.3544 




34 




597 


843 


.3509 






3S 
39 


635 
652 


876 
906 


.3473 
.3438 


807 


33 
21 


40 






8.:i402 


.95799 


20 








.3367 


791 




42 




kiooi 


.3333 


782 




43 


764 




.3297 


774 


17 




792 


065 


.3261 


766 




45 




.30097 


3.3226 


.957fr7 


15 


46 


847 


128 


.3191 


749 




47 


375 


160 


.3166 


■ 740 


13 


48 


903 
931 


192 


.3123 
.3087 


7.32 
724 


12 


50 


.23069 


.30256 


3.3062 


.95715 


10 


51 


.38987 


387 


.3017 


707 




63 


.29016 


319 


.2983 






53 


0*3 


351 


.2948 


690 


7 




O70 


383 


.2914 


631 


6 


66 


.29093 


.30414 


3.2879 


.95673 


6 


66 


126 


446 


.2845 


664 


4 


57 


154 


478 


.2811 


66B 


3 


53 




509 


.2777 
.2743 


647 
639 


2 

1 


80 


.29237 


.3(B73 


3.2709 


.95630 


_0 
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Oto 


Tan 


Sin 
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Sin 


TEin 


Ctn 


Gas 






1 


.39337 
265 


.30573 
605 


3.3709 
,2675 


,956,-iO 
622 


1 


3 


293 


637 


.2841 


613 






831 




,2607 


605 


57 


4 


348 




.2573 






G 


.29376 


.30732 




.95588 


56 


6 


404 


■ 764 


.2506 


679 


M 


7 
8 


432 
460 


796 
828 


.3472 


571 


53 




487 




!2406 


554 


51 


10 


.39515 


.30891 


3.3371 


.95946 


50 


11 


643 


933 


.3338 


536 




12 


671 


955 


.2305 






13 




,30987 


.2272 


519 


47 


14 




,31019 


.2238 


611 


46 


16 


.29654 


.31061 


3.3206 


.95602 


45 


16 




083 


.2172 


493 


44 


17 


710 


115 


.2139 


485 


43 


18 


737 


147 


.2106 


476 


43 




765 


1T8 


.2073 


467 




20 


.39793 


.81310 


3.2M1 


.95459 


40 


21 


821 


242 


.2008 


450 


39 


22 


849 


374 


,1975 


441 


38 


23 


876 


306 


.1M3 


433 


37 


24 


9W 


338 




424 




26 


.29932 


.31370 


3.1878 


.95416 


36 






402 


,1^5 


407 




27 


.29987 


431 


.1813 


398 






.30015 


466 


.1780 


389 


33 




M3 


498 


.1748 


380 


31 


3D 


.30071 


.31530 


8.1716 


.96373 


30 


31 




562 


.1684 




29 


32 


136 


994 


.1652 


364 


28 








.163) 


345 


37 


84 


183 


668 


.1688 




26 


35 


.30209 


.31690 


3,1556 


.95333 


26 


36 


237 


732 


.1624 


319 


24 




265 


754 


.14,92 


310 






292 


786 




301 








818 


.1429 


393 


31 


40 


.30348 
376 


.31860 


3.1397 
.1366 


.95384 
279 


20 

19 


43 


403 




.1334 






43 


431 


946 


.1303 




17 


44 


459 


.31978 


.1271 




16 


46 


.30486 


.32010 


8.1340 


.96240 


15 








.1209 


231 




47 




074 


.1178 






48 


570 


106 


.1146 


313 


12 


49 


597 


139 


.1115 


2M 


11 


60 


.30625 


,32171 


3.1084 


.95195 


10 


51 


653 


203 


.1053 


186 




62 




235 


.1032 


177 




53 


703 


267 


.0991 


168 


7 


64 


736 




.0961 


159 




55 


.30763 


.33331 




.95150 


5 


66 


791 


363 


.0899 


142 




57 


819 
846 


396 
428 


.0863 
,0833 


133 
121 


2 


69 






.0807 






60 


,30903 


,32493 


3.0777 


.95106 


D 
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Tan 


Sin 
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18°— Values of Trigonometric Functions — 19" 


31 




Sin 


Tau 


Ctn 
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' 


Sin 


Tan 


Ctn 
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.32493 


3.0777 


.95106 


60 





,32557 


.34433 


2-9042 


.94552 


io 




039 


034 


.0740 


097 






1 




405 


,9015 


542 






957 


556 
688 


.0710 
.0688 


088 
079 


58 
57 




2 
3 


612 


498 


,8987 


633 
633 


67 




'.31012 


621 


.0655 


070 


50 






667 


663 




514 


66 




,31040 


.32653 


3,0625 


.95001 


56 






.32694 


,34,'")9'l 


3,8905 


.94604 


66 




0S8 


685 


.0595 


063 


54 






733 


638 


.8878 


495 


64 




093 


717 


.0665 


043 


63 






749 


661 


.8851 


486 


53 




123 


749 


.0535 


033 


r,2 






777 


693 


,8834 


476 


62 




ISl 


783 


,(605 


034 


61 






804 


736 


,8797 


460 






.31178 


.33814 


3,0475 


,95013 


SO 






.32832 


,34758 


3.8770 


.1M467 


50 






846 


,0445 


.*0OB 


49 






830 


701 


,8743 


447 


49 






878 


,0415 


.94997 


48 










,8710 


438 


48 




281 


911 


.0385 




47 






914 




,8089 


438 


47 






M3 


.0356 


979 


46 




14 


942 




.8063 


418 






.31316 


.32975 


8.0336 


.M970 


45 




IS 




.34932 


2.8636 


.M409 


46 




344 


.33007 




961 






16 


.32997 






309 


44 




372 


040 


.0367 


952 


43 




17 


.33034 


.34987 




300 




IS 


S99 


073 


.0337 


943 


42 




18 


061 


.35030 


.8536 


380 


43 


19 


427 


IM 


.0308 




41 




19 


079 


052 


.8529 


370 


41 


SO 


.31464 


.33136 


3.0178 


.M934 


40 




20 


.33106 


.36085 


3.8503 


.94361 


40 


31 


4B2 


169 


.0149 


915 


30 




21 


134 


118 


.8476 


351 


30 


22 


SIO 


201 


.0120 


906 






33 


161 


150 


.8440 


343 


38 








.0090 


897 


37 




23 


189 


183 


.8433 




37 




56S 


260 


.0001 




36 




34 


316 


316 


.8397 






35 


.31393 


.33398 


3.0032 


.WS78 


S5 




as 


.33244 


.35248 


2,8370 


.94313 


3S 


30 


620 


330 


3.0003 




34 




30 


371 


381 


.8344 




34 


27 


618 


363 


2.9974 


860 


33 




37 




314 


.8318 




33 




075 


395 


.9945 


851 


33 






.S^ 


346 


.8291 


384 


33 




703 


437 


.9916 


843 


31 






363 


379 




374 


31 


80 


.31730 


.33460 


3,9887 


.04833 


30 




30 


.33381 


.33413 


2.8339 


.94384 


30 


31 


758 




.98,'-]8 


833 






31 


408 


445 


.8313 


354 


20 




786 


534 




814 








436 


477 


.8187 


246 


28 






557 


!9800 


806 


27 






463 


510 


.8161 


235 


27 


34 


841 






795 






34 


490 


643 


.8135 


325 




35 




.33631 


2.9743 


,94786 


26 




35 


.33518 


.36576 


2.8109 


.94315 


25 


36 


896 


654 


.9714 


777 


24 




36 


646 


608 




206 




37 


933 




.9680 


768 


33 




37 


673 


041 


^8057 


196 


33 


38 


951 


718 


.9657 


758 






38 


600 


674 




180 


22 




.31979 


751 




749 


31 






037 


707 


.8006 


170 


31 


40 


.32000 


.33783 


3.9600 


.94740 


SO 




40 


.33655 


.36740 


3.7980 


.94167 


SO 


41 


03* 


816 


.9573 


730 


19 








773 


.7955 


157 


19 


42 


061 


848 




731 






43 


710 


805 




147 


18 


43 


089 


881 


.9315 


712 


17 




43 


737 




.7903 


187 


17 




110 


913 


.9487 


703 


16 




44 


704 


871 


.7878 






45 




.33940 


3.9469 


.94693 


19 




4S 


.33793 


.33904 


2.7852 


.94118 


16 


46 


171 


.33978 


.9431 


084 


14 




46 


819 


937 


.7837 


108 


14 


47 


199 


.34010 


.0403 


674 


13 




47 


846 


.35969 


.7801 


008 


13 




337 


048 


.9375 


665 


13 




4S 


874 


.30003 


.7770 


0B8 


13 




2S4 


075 


,9347 


656 


11 




49 


901 


033 


.7751 


078 


11 


SO 


,33383 


.34108 


3,9310 


.94646 


10 




SO 




.36068 


2.7735 


.94068 


10 


51 


.■WO 


140 


,9291 


637 


9 




51 




101 




058 




sa 


337 


173 


,9363 


627 


8 








134 


.7073 


<m 


8 


53 


364 


205 




618 


7 






.34011 


167 


.7050 


039 






392 


238 


!92D8 


609 









038 


190 


.7026 


039 


6 


55 


.33419 


.34370 


3,9180 


.94599 


5 




66 


.34063 




2.7000 


.94010 


6 


56 


447 




.9153 


590 


4 




56 


093 


205 


.7576 


-.94009 




57 


474 
503 


335 


.9135 
.9097 




3 
2 




67 


130 
147 


398 
831 


.7550 
.7525 


.93999 
989 


3 




529 




.9070 








59 




304 


.7300 


979 


1 


60 


.33557 


,34433 


3.9U42 


,94553 







i2. 


.34302 


.363W 




.93969 
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CCn 


Tan 


Sin 


' 
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Ctn 


Tan 


Sin 


' 



-Values of Trigonometric Functions — 21° 



/ 


Sin 


Tan 


On 


Ooa 




~0 


34203 


36397 


2,7475 


.93969 


60 


1 


221) 


'- 430 


.7450 


959 


60 




257 




.7425 


94fl 


58 




284 


496 


.7400 




57 


i 


311 




.7376 


929 


66 


5 

6 


■^m 


595 


2.7351 
.7326 


.93919 
S09 


66 

54 


7 


393 








53 






661 


^7277 


880 


53 




448 


694 


.7253 


879 


51 


10 


.34475 


.36727 


2.7338 




SO 






760 


.72(M 


859 


49 


12 


630 


793 


.7179 


849 


48 


13 


557 


826 


.7155 




47 


14 


GS4 


859 


.7130 




46 


15 


.34612 




3.7106 


.93819 


45 


16 


639 




.7083 


809 


44 


n 


666 




.7058 


790 


43 


18 


eM 


.36991 


.7034 


789 






731 


.37024 


.7009 


779 


41 


20 


.84748 


.37057 


2.6985 




40 


21 


775 


090 


.6961 


769 


39 


23 


803 


123 




748 




23 


830 


167 


^6913 


738 






857 


190 




728 




35 


.^834 


.57223 


2.6865 


.93718 


35 


28 


913 


366 


.6841 


708 


34 


27 


939 




.6818 


698 


33 








.67M 




32 




.34993 


355 


.6770 


677 


31 


30 


.35021 


.37388 


3.6746 


.93667 


30 


31 


048 




.6723 


657 




32 


07S 


45S 




647 




33 


102 


488 


!6e75 




27 


34 


130 






628 


26 


35 


.35157 


.375M 


3.6628 


.93816 


2S 


36 


184 


583 


,6605 


606 


24 


37 


211 








23 


3M 


239 


664 


.6558 


685 


22 


39 


266 




.6534 


6T5 


31 


40 


.35293 


.37720 


2.6511 




20 






754 


.6438 




19 




347 




.6464 


544 


18 


43 


376 




.^41 


534 


17 




402 


853 


.6418 


524 


16 


4S 


.35429 


.37887 


2.6395 


.a3514 


15 




466 


920 


.6371 




14 


47 




968 


.6348 


493 


13 


48 


611 


.37986 




483 


12 


49 




.38030 




472 


11 


50 

51 


.35566 


086 


2.6379 
.6256 


.93463 
452 


10 


53 


619 


120 


.623.'! 


441 


8 


53 


647 


163 




431 


7 




674 




!61S7 


420 


6 


65 


.35701 




2,6165 


.93410 


6 


56 




253 


.6142 


400 


4 


67 


755 


336 


.6119 




3 


S8 


732 


S.W 


.6096 


379 


2 


59 


810 




.6074 


368 




60 


.358:57 


.38.W 


3 6051 


.9.3.338 
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Sin 
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~o 




.3Km 


3.6051 


,93.'!K8 


60 




864 


m 




348 


59 


2 


891 




!6006 


S37 






918 


437 






67 


4 


945 


620 


.6961 


316 


56 


5 


.36973 


.38563 


3.5938 


.93306 


55 


6 


.36000 


587 


.5916 




64 


T 








285 


53 




OM 


664 


!5S71 


274 


52 


9 


081 


637 


.6848 


264 


51 


10 


.36108 


.38731 


2.5826 


.93253 


50 


11 


135 


7M 


.68(M 


243 


49 


12 


162 


787 


.5782 




48 


13 


190 




.9759 




47 




217 


854 


.5737 






IB 


.36244 




2.5716 


.93201 


45 


16 


271 




.6693 


190 


44 


17 




955 


.9671 


180 


43 


18 


325 


.38988 






42 


19 


353 


.39032 


16627 


169 




20 


.36379 


.39055 


3.6606 


.93148 


40 




406 




.5583 


137 


39 


23 


434 


123 


.6561 


127 






461 


166 


.5539 




37 




488 


190 


,6917 


106 




25 


.36515 




2.5496 


.93095 


35 


36 


643 


257 


.5473 


084 


34 


27 






.5493 


074 


33 






324 




083 


32 


29 


623 


357 


;.M08 


053 


31 


30 


.36650 






.93042 


30 


31 


(i77 


425 


.6365 


031 


39 


32 




468 


.6343 


020 


28 


33 


731 


493 


.6.322 


.93010 


37 


34 


758 


626 


.5300 




36 


35 


.36789 


.39699 


2.5279 


.93088 


26 


36 


813 


593 


.5257 


978 


34 


37 


839 




.6236 


967 






867 


660 


.5214 


956 




39 




694 


.0193 


945 


21 


40 


.36921 


.39727 


3.5173 




20 


41 


948 


761 


.5160 


■■ 924 


19 


43 


.36975 


795 


.6129 


913 




13 


.37002 


829 
863 


.5108 
.6086 


902 
892 


16 


45 


.37056 


.39896 


2.5065 


.92881 


19 


46 




930 




870 




47 


110 


963 




859 




43 


137 


.39097 


.5002 


M9 


13 




164 


.40031 


.4981 




11 


60 


.37191 


.40065 


3.4960 




10 


51 


218 






816 




53 


246 


133 


!4918 


805 




53 


272 


166 


.4897 


794 




M 


299 




.4876 


784 


6 


55 


.37326 


.40334 


2,4859 


.92773 


6 


66 


353 


267 


.4834 






57 




301 


.4813 


751 




58 


407 


335 


.471'2 


740 


2 








.4772 


739 




_60 


.37461 


.40403 




.92718 
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Tan 


Sin 





33° — Values of Trigonometric Functions — 23° 



' 


Sin 


Taa 


Ctn 
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.37461 


.40403 


2.4751 


.93718 


60 


1 


48S 


436 


^4730 


707 




a 


516 


470 


.4709 


697 






542 


6IH 


.4689 


686 


57 




669 




.4<368 


675 


56 


s 




.40572 


2.4048 


,92664 


66 


7 


623 
649 


606 
640 


.4627 
.4606 


653 
«2 


54 
53 




676 


674 


.4586 


63] 






703 


707 


.4668 


620 


61 


10 


.37730 


.40741 


2.4545 


.92609 


50 




767 


776 


.4525 




49 


12 


784 


809 


.4604 


.587 


48 


13 


811 


8*3 


.4434 


576 


47 






877 


.4464 


665 




15 


.37866 


.40911 


2.4443 


.925B4 


46 


IS 






.4423 


843 


44 


n 


919 


.40979 


.4403 




43 




iW6 


.41013 


.4333 


621 


43 




973 


0+7 


.4362 


510 




30 


.37999 


.41081 


2.4342 


.93499 


40 






115 


.4332 






22 


053 


149 


.4302 


477 




23 


089 


183 




466 


37 


2* 


107 


217 








26 


.38134 


.41291 


2.4343 


.92444 


33 




161 


285 


.4223 


432 


M 


27 


188 


319 


.4202 


421 






216 


853 


.4182 


410 


32 


2'J 


341 


387 


.4163 


399 


31 


30 


.382«8 


.41431 


3,4142 




30 




295 


455 


.4122 


377 


29 


32 




490 


.4102 


366 




33 




524 


.4083 


355 


37 


M 


376 




.4063 


S^ 




33 


.38t03 


.41502 


a.4043 




SE 


3(i 


430 


626 


.4023 


331 


34 






660 


.4004 


310 








694 


.3984 


399 




sg 


BIO 


728 




287 


21 


40 


.38637 


.41703 


2.3945 




20 




564 


797 




265 




42 


691 


831 


ia'306 


254 


18 




617 


865 






17 




644 


899 




231 


16 


43 


.38671 


.41933 
.41968 


2.3847 


.92320 
209 


13 
14 


« 


726 


.42002 




198 


13 




752 




.3789 


186 


13 




778 


070 


.3770 


175 




30 


.38806 


.43105 


3.3760 


.92164 


10 




832 


139 


.3731 


163 


9 


52 


859 


173 


.3713 


141 


8 




ma 


207 




130 


7 


54 


913 


243 


.3673 






es 




.42276 


2.3654 


.93107 


3 


66 


966 


310 


.3636 


096 


4 


67 




845 


.3616 


085 


3 




:39020 


379 


.3597 


073 


3 


59 


046 


413 






1 


80 


.3i»73 


.42447 


2.3559 


.99060 







Cob 


Ctn 


Tan 


Sin 







Sin 


Tan 


Otn 


Cos 







.3y073 


.42447 


2.3559 


.92050 


60 


1 








039 




2 


127 


616 








3 


153 


551 


.3501 


016 


67 




180 


585 


.3483 


.92005 


56 


5 


.393OT 


.42619 


2.34^ 


.91994 


63 


6 


384 


6M 


,3445 


983 




7 


260 




.8436 


971 




8 


287 


722 


.340r 


959 




9 


S14 


757 




MS 


51 


10 


.39341 


.42791 


2.3369 


.91936 


60 


11 


367 




.3351 


925 




13 


394 




.3333 


914 


48 


13 


421 


894 


.3313 


902 


47 




448 


939 


.8294 


891 


46 


16 


.39474 


.43963 


2.3276 


.91879 


46 


16 




.42998 


.3257 




44 


IT 




.43033 




866 


43 


18 


666 


067 




846 


43 


19 




101 


.3201 




41 


20 


.30608 


.43136 


2.3133 


.91833 


40 


21 


635 


170 


.3IK 


810 


39 


32 


661 


205 


.3146 


799 






688 


339 


.3127 


787 


37 


24 


715 


274 


,3109 


775 


36 


as 


.89741 


.43308 


2.3090 


.91764 


35 


26 


768 


343 






34 


27 


7* 


878 


,3053 


741 


33 




833 


413 


.3035 


739 






848 


447 


.3017 


718 


31 


80 




.43481 


2.2993 


.91706 


80 


31 


902 


516 


.2980 


m 






928 


650 


.3902 


683 


38 


33 


955 




.2M4 


671 


27 


34 


.39982 






660 


36 


3S 


.40008 


.43654 


2.2907 


.91648 


ae 


36 


036 






636 


34 


37 




734 


.2871 




23 


38 


08S 


758 


.3853 


613 


22 




115 


793 


.2835 


601 


21 


40 


.«)141 


.43828 


3.2817 


.91590 


20 




168 




.2799 


678 


19 


42 


195 




.3781 


666 


18 


43 


331 




.2703 


555 


17 


a 




.43966 


.2745 


543 


16 


45 


.40375 


.44001 


2.3727 


.91531 


16 




301 


036 


.2709 


619 


14 


47 




071 




608 


13 


48 


355 


105 


,2673 


496 




49 


381 


140 


.2655 


484 


11 


60 

51 


.4(M08 
434 


.44175 


3,2637 
.2620 


.91472 
461 


10 

9 


52 


461 


344 


.2602 


449 




53 


488 


279 


.2584 


437 


7 




514 


314 


.2666 


426 




59 


.40541 


.44349 


2.2549 


.91414 


6 


66 


567 




.2531 


402 




57 


594 


418 


.3513 


390 


3 


58 




453 


.2493 


378 


3 




647 


488 


.2478 


366 


1 


GO 


.40674 


,44523 


9,2460 


.91365 


_0 




Cob 


CtQ 


Tm 


Sfal 


' 



34 


34° — Values of Trigonometric Tunctioiis 


— 35° 


[11 




Sin 


Tan 


Ctn 


Cos 






' 


Sin 


Tan 


ctn 


Cos 




~0 


.40fi74 


.44533 


2.2460 


,91355 


60 





,42263 


.46631 2 


1445 


.90631 


"so 




700 


558 


.2443 


343 












1429 


618 


69 








.2436 


331 


58 




2 


315 


702 


1413 




58 




753 




.2403 


319 


57 






341 










4 


780 


662 


.2390 


307 


66 






367 


773 


1380 






6 


,40806 


.44697 






65 




5 


.43394 


.46808 2 


1364 


.90569 


55 


e 




732 




283 


64 




6 




843 


1348 


657 


5* 


7 




767 




272 


63 






446 


879 


1332 




53 






802 




260 


62 






473 


914 


1.315 




63 


9 


S13 


837 




248 


61 






499 


950 


1299 


620 


61 


10 


.40939 


.44872 


3.2286 


.91236 


60 




10 


.43935 


.46989 2 


12H3 


.90507 


50 


11 


966 


907 




334 


49 




11 


553 


,47021 


1267 


495 


49 


12 


.40993 


942 


!3251 


212 


48 




12 


678 


056 


1251 


483 


48 


13 




.44977 




300 


47 




13 


6M 


092 


1335 


470 


47 




045 


.46013 


.2316 


188 


46 




14 


631 




1219 


458 


46 


16 


.41072 


.45047 


2.2199 


.91176 


49 




15 


.42657 


,47163 3 


1203 


.90446 


45 


IK 


098 




.3182 


164 






16 


683 


199 


1187 


433 


44 




125 


117 


.2)65 


162 


43 




17 


709 


234 


1371 


431 


43 


18 


161 


152 


.2148 


140 


43 




18 


736 


370 




408 


42 


19 


178 


1S7 


.2130 


128 


41 




19 


762 


305 


1139 






SO 


.41304 


.45332 


2.3113 


.91116 


40 




20 


.43788 


,47341 2 


1123 


.90383 


40 


21 


231 




.a)96 


104 






31 


815 




1107 


371 


39 






392 


.3079 


092 






22 


841 


412 


1093 


358 


88 




284 


327 


.2062 


080 


37 




23 


867 


448 


1076 


346 


37 


a* 


310 


362 


.2Mfl 


068 


36 




34 


894 




1060 


334 


36 


3S 


.41337 


.45897 




.91066 


85 




Z5 




.47519 2 


1044 




36 




3»3 


432 




044 


34 




36 


946 




1033 


809 


34 


28 


390 
416 


467 
502 


.1994 
.1077 


020 


33 
33 




27 


973 
.42999 


590 
626 


09!rr 


296 
284 


33 
32 


W 


443 


638 


.1960 


.91008 


31 




29 


.43096 


G63 


0981 


271 




30 


.4141i9 


.46573 


2,1943 


.90996 


30 




30 


.43051 


.47698 3 


0965 




30 




496 


608 




984 


29 




31 


077 


733 


0950 


246 


29 


32 


622 


6iZ 


!l909 


972 






33 


IM 


769 


0934 






33 


549 


678 




960 


27 






130 


806 


0918 






M 




713 


!l876 


948 






34 




840 


0SI03 


208 


36 


33 


.41602 


.45748 


3.1869 


.90936 


25 




35 


.43183 


.47876 2 




.90196 


25 






784 


.1842 


924 


24 






309 


912 




183 


24 


37 


655 


819 




911 


33 




37 


236 


943 


0856 


171 




3S 


681 


854 


!l80a 


899 


22 




38 


361 


.47984 


«840 


168 






707 


889 


.1792 




31 




39 


287 


.48019 


0825 


146 


21 


40 


.41734 


.46924 


2.1776 


.90876 


20 




40 


.43313 


.48056 2 




.90133 


20 


41 


760 


960 


.1758 




19 




41 


Sit) 


091 


OVJi 


120 




42 


787 
















127 


0778 


108 




43 


813 




!l736 




17 




43 




163 


0763 


095 




44 


840 


06B 


.1708 


826 


16 




44 


418 


198 


0748 


033 


16 


46 


.41866 


.46101 


3,1692 


.90814 


IS 




45 


,4M45 


.482.'54 2 


0732 


.90070 


19 


46 


893 


136 


.1675 




14 




46 


471 


270 


0717 




14 


47 


919 


171 




790 


13 




47 


497 


3Wi 


0701 


045 


13 


43 


945 


306 


!lM2 


778 


la 




48 




343 




032 


13 


49 


912 


242 


.1625 


706 


11 




49 


649 


378 


0671 


019 


11 


50 


.41998 


.46377 


2.1609 


.90753 


10 




50 


.43576 


.43414 3 


0655 


.90007 


10 




.42034 




.1993 


741 


9 






603 


450 


0840 






53 


051 


348 


.1576 


729 






62 




486 




981 




53 


077 




.1660 


717 


7 




63 


654 


621 




968 


7 




104 


418 


.1543 


704 


6 




64 




657 


06M 


966 




56 


.42130 




2,1637 


.90692 


5 




55 


.43706 


.48993 2 


0679 


.89943 


5 




1B6 


489 


,1910 


,680 


4 




56 


733 


629 


0664 


930 




57 


183 


625 


.141M 










759 


665 


0649 


918 




58 


209 


560 


.1478 


666 


2 




58 




701 


0533 


905 




59 


335 


B95 


.1461 


643 








811 


737 


XI513 


892 




SO 


.42262 


.46631 


2,1445 


.90631 







60 


.43837 


,48773 2 


0503 


.89879 







Cob 


Ota 


Tan 


Sin 






Cos 


Ctn 


ran 


Sin 





26° — Values of Tri^nometric Functions — 27° 



' 


Sin 


Tan 


CCiL 


Cos 






1 


.43837 


.48773 


s.a'>03 

.0488 


867 


60 

59 






846 


.0473 


854 


58 




916 


881 


.0458 








943 


917 


.0443 




M 


6 


.43988 


.48953 


3.0438 




9S 




.43994 




.0413 








.44020 


149026 


.0398 


790 


63 




046 


063 




777 


53 


11 


072 




.0368 


764 




10 


.44093 


.491M 


2.0353 


.80752 


60 




134 


170 






49 


12 


151 


206 




726 


48 




177 
203 


242 


.0308 


713 
700 


47 
46 


15 


.44329 


.49315 


2'0378 




46 


iii 


255 


351 


.0263 


B74 


44 


17 


2SI 


387 






43 




307 


423 


!02;i3 


W9 


43 


19 


333 


459 


.0219 


636 


41 


20 


.44359 




2.<mi 




40 


21 


3H5 


633 


.0189 


610 


39 


22 




668 


.0174 


697 


38 


23 


437 


604 




684 


37 


24 


464 


640 


.0145 


571 


36 


25 


.44490 


.49677 


2.0130 


.89S53 


36 


26 




713 


.0115 




M 




542 


749 


.0101 


632 


33 


28 




786 


.0086 


B19 








822 


.0072 


606 


31 


30 


.44620 


.49858 


2.0067 


.89493 


30 


31 


646 


8^ 


.0042 


480 




32 


073 


931 




467 


28 


33 




.49867 


2.0013 


46* 


27 


34 


734 


.50004 




441 


26 


S5 


.44750 




1.9084 


.8^28 


28 


30 


776 


076 


.9970 


415 


24 


37 




113 


.9955 


4m 


23 






149 


.99« 






;i9 


854 


185 


.9926 


376 




10 


.44880 


.50232 


1.9913 




20 


11 


906 


258 




350 


19 




9S2 


395 


^9883 


337 


18 


43 










17 


44 


.44984 






311 


16 


45 


.45010 


.50404 


1.9840 




16 




036 


441 


.9825 


385 




47 


063 


477 


.9811 


272 


13 


48 


088 


514 






12 


49 


114 


550 




245 


11 


50 

51 


.46140 
166 


.S0587 


1.9768 


319 


10 


52 


192 


660 


^9740 


206 


8 


53 


21S 


696 


.9725 


193 




54 


348 


733 


.97U 


180 


6 


56 




.50769 


1.9697 


.89167 


6 




395 


806 


.9683 






57 


321 




.9669 


140 




B8 


347 


879 


.9654 


127 


3 




373 


916 


.9640 


114 


1 


60 


.45,^iS0 


.50953 


1.9626 


.89101 







Cob 


Ctn 


Tan 


Sin 







Sin 


Taji 


Ota 


Cos 







.45399 


.50B53 




.89101 


SO 




435 


.60989 


!9613 


08T 


69 






.51020 


.9598 


074 


68 


3 


47T 


063 


.9584 


061 


67 


4 


503 


099 


.9570 


CHS 


66 


S 


.45529 


.61136 


1.9556 




66 




554 


173 






64 


7 


680 


309 




.89008 


53 




60S 


240 


.9514 




63 


9 




283 


.9500 


981 




10 


.45658 


.51319 


1.9486 




60 






3B6 


.M72 


9S5 


49 


13 


710 


393 


.9458 


942 


48 


13 


736 


430 


.9444 


928 


47 


14 


763 


467 


.M30 


915 


46 


18 


.45787 


.51503 


1.M16 


.88903 


48 




813 


640 


.9402 






17 




577 




875 




18 




614 


:9375 


862 


43 


19 


891 


051 


.9361 


848 


41 


20 


.45917 


.51688 


1.9347 




40 


31 


943 


724 






39 


22 


908 


761 


19319 


808 


38 


33 


.45994 


798 


,9306 


796 






.46020 






783 


36 


S5 


.46046 


.61873 


1.9278 




86 


26 


072 


909 




755 


34 


27 


097 


946 


!925I 


741 


33 


28 


123 


.51983 


.9337 


T3B 




29 


149 


.52020 


.9223 


715 


31 


30 


.46175 


JS2057 




.88701 


30 


31 




<m 


19196 




29 


32 


236 


131 


.9183 


674 






363 


108 




661 


27 


34 


278 


306 


19166 


^7 


26 


36 


.463M 


.52343 


1.9142 


.88634 


26 


36 


330 


379 


.9128 




34 


37 


355 


316 


.9115 


60T 


23 


38 




353 


.9101 


593 


22 




407 


390 


.9088 


680 


31 


40 


.46433 


.62437 


1.9074 


.88506 


20 


41 


458 


464 


.9061 




19 


42 


484 


601 


.9M7 


539 


18 


43 


510 


538 


.9034 


526 


17 


44 


636 






613 


16 


48 


.46561 


.62613 




.88499 


16 


46 


587 


050 




485 


14 


47 


613 


687 


.3980 


472 


13 


48 


639 


724 




458 


13 




664 


761 


!S063 


445 




60 


.46690 


JiZim 


1.8940 


.88481 


10 


51 


716- 


836 




417 




52 


742 


873 


18913 


404 


8 


63 


767 


910 






7 




793 


947 




377 




56 


.46819 


J129S5 






8 


56 


844 


Ji3023 




349 


4 


67 


870 


059 


.8847 


336 


3 


59 


896 
931 


096 
134 


.8834 


323 


I 


60 


.46947 


.5:^171 


1.8S0T 


.88395 


_0 




Cos 


Ctn 


Tan 


Sin 


' 



28°— Values of Trigonometric Functions- 



' 


Sin 


Xan 


tn 


Cos 







.46ia7 


.53171 1 


8807 


8B295 


60 




973 


208 


(794 


281 




3 


.46999 


246 


8781 


267 


58 


3 


.*r02i 


283 


3768 


254 


87 




050 


S20 


8755 


240 


56 


5 


.47076 


.53358 1 


3741 


.88226 


5S 




101 


395 


8728 


213 


54 


7 


127 




371-5 


199 


53 




153 


" 470 


S70SF- 




52 




178 




8689 






10 


,4720* 


.535*5 1 


8fi76 


.88153 


50 


11 






8663 




49 




265 


620 


8650 








231 


657 




117 


*7 


14 


308 


094 




103 


46 


15 


.47332 


.53732 1 


3611 




4S 






789 


8698 


075 








807 


8685 


063 


43 


18 




844 


8672 


048 


42 




434 




8559 


034 


41 


20 


.47400 




8546 


.88020 


40 




43li 


957 




.38006 


39 


22 


511 


.53996 




.87993 




■23 


637 


,54032 


8507 


S7fi 


37 


24 


562 


070 


8495 


963 


36 


36 




,5*107 1 


8482 


.87951 


3S 


26 


614 


145 


8469 


937 


84 


27 




183 


8456 


933 


33 


28 






8413 


B09 




29 


690 


258 


M30 


896 


31 


30 


.47716 


.5429S 1 


8418 




30 


31 


741 


333 


1405 


868 




82 


767 


371 




854 


28 


33 


793 


409 




840 


27 


34 




44ti 


8367 




26 


3S 


.47M4 


.54484 1 


8354 


.87812 


25 


36 






mi 


798 


34 


37 


896 


560 




784 




33 


920 


69T 


(316 


770 


23 


39 


946 


635 




756 


21 


40 


.47971 


.54673 1 




.87743 


20 




.47997 


711 


8278 


729 


19 


42 


.48022 


748 




716 


18 


43 


048 


786 




701 


17 




073 






687 


16 


45 


.48099 


.M862 1 




.87673 


16 




134 


900 


(215 






47 


ISO 






646 


13 


48 


175 


,54976 


(190 




12 


49 




.66013 


8177 


617 


'1 


50 




.55061 1 


8165 




10 


51 


252 




3152 


589 




a3 


277 


137 


)140 


575 




53 










7 




328 


203 


H15 


S46 




65 


.48354 




8103 


.87532 


6 


56 


379 


379 


8091) 


618 


4 


57 


405 


317 


8078 


504 


3 










490 


2 




456 


393 




476 




60 


.48481 


..55431 I 


8040 


,87463 


_0 




Cob 


Ctu 


Tan 1 Sin 


' 



' 


Sin 


Tan 


Cto 


Cos 







.48481 


.65431 


1,8(H0 


.87462 


60 


1 








443 


59 


2 




507 


.8016 


434 


58 


3 


557 


M6 


.8003, 


420 


57 




683 


583 


.7991 


*W 


56 


5 




.56621 


1.7979 


.87391 


85 


6 


684 


659 


.7966 


377 


54 


7 


659 




.7954 


363 






684 


736 


.7943 


849 


52 


9 


710 


774 


.7930 


336 




10 


.48735 


.55813 


1.7917 


.87321 


50 




761 


850 


.7905 


308 


49 


12 


780 




.7893 






13 




926 


.7881 


273 






837 


.55964 


.7868 


264 


46 


16 




.60003 


1,7356 


.87260 


45 






041 


.7844 


235 




17 


913 


079 








18 


938 


117 


.7820 


207 


42 


19 


964 


166 


.7808 


193 




SO 




.56194 


1,7796 


.87178 


40 


21 


149014 




.7783 


164 




^ 


040 


270 


.7771 


150 






065 


309 


,7759 


136 


37 




090 


347 


.7747 


121 


.36 


25 


.49116 




1.7735 


.87107 


35 


26 




424 


.7723 


093 




27 


166 


462 


.7711 


079 


33 




193 


601 


.7699 


064 


33 




217 


639 


.7687 


060 


31 


30 


.49242 


.66577 


1.7675 


.87036 


30 


31 


3(8 


616 


.7663 


031 


29 


32 


393 


664 


.7651 


.87007 




33 


318 


693 


.7639 


.86993 


37 


34 


344 


731 


.7627 


978 


26 


35 


.49369 


.56769 


1,7616 


.86964 


B5 


36 


394 




.7603 




24 


37 


419 


846 


.7591 




23 




446 




.7679 


921 


32 


39 


470 


923 


,7567 


906 




40 


.49495 
621 


,66982 
.67000 


1.7556 
.7544 


,86892 
878 


20 

19 




546 


.039 


.7633 


863 


18 


43 


571 




JSW 


849 


17 


44 




116 


.7608 


834 


16 


49 


.49B22 


.57155 


1,7496 




15 


46 


647 


193 


.7485 


805 




47 


672 


232 


.7473 


791 


13 


48 


697 


271 


.7461 


777 




49 


723 


309 


.7449 


763 


11 


SO 


.49748 


.67348 


1.7437 


.86748 


10 


61 


773 


386 




733 


9 


62 


798 


425 


!7414 


719 




53 


824 


4« 


,7402 


704 


7 




849 


503 


.7391 


690 


6 


55 


.49874 


.67641 


1.7379 


.86675 


S 


56 


899 




.7367 


G61 




67 


924 


619 


.7355 


646 




58 


950 


657 


.7344 




2 




.49975 


696 


.7333 


617 


1 


60 


.50000 






.86603 







Cos 


Ctn 


Tan 


Sin 


' 



I] 


30"— Values of Trigonometric Fauctions — 31' 


37 




Sia 


Tan 


Ctn 


Cos 






' 


Bin 


Tan 


Ctn 


Cob 







.60000 


.57735 


1.7.'i21 


.86603 


60 


~0 


.51504 


.60086 


1.6643 


.85717 


"eo 




025 


774 


.7309 


588 


59 






629 


126 


.6632 


703 


59 




050 


.813 


.7297 


573 


68 






654 


165 






58 




076 


851 


.7280 


659 


57 




3 


579 




!6610 


672 






101 


890 


.7274 


M4 


66 




4 


6M 




.6599 


657 


66 


6 


.50121! 


.57929 


1.7262 


.86530 


66 




5 


.51638 


£0384 


1.6588 


.86642 


56 




151 


.57968 


.7261 


515 








653 


324 


.6577 


627 


64 




176 


.68007 




601 






7 


678 


364 


.6566 


613 


53 






m 


J228 


486 


63 






703 


403 


.6655 




63 


9 


237 


085 


.7216 


471 


51 






728 


443 


.6645 




51 


10 




.68124 


1.T205 


.86457 


SO 




10 


.61753 


.60483 


1.6534 


.86667 


80 




2TT 


162 


.7193 


443 


49 




11 


778 


532 






49 


12 




201 


.7182 


427 


48 




12 


803 




.6613 


636 


48 


13 


327 


240 


.7170 


413 


47; 




13 






.6501 


621 


47 


11 


353 


379 


.7159 








14 


852 


643 


.6490 


606 




IS 


JS03TT 


.58318 


l.n47 


.86384 


4G 




16 


.51877 


.60681 


1.^79 


.8M91 


45 




403 




.7136 




44 




16 


902 


721 


.6469 


476 


44 


17 


428 




.7124 


3M 


43 






927 


761 


.6458 


461 


43 


IS 


453 


436 


.7113 


340 


42 




18 




801 


.6447 


446 


42 




478 


474 


.7102 




41 




19 


.61977 


341 


.6436 


431 




20 


.60503 


,58513 


1.7090 


.86310 


40 




20 


.63003 


.60831 




.85416 


40 


31 
22 


653 


652 
591 


.7079 
.7067 


295 
281 






21 


026 
061 


921 
.60960 


.6416 
.64W 


401 




23 


078 


631 


.7056 




37 




23 


076 


.61000 


.6393 


370 


37 




gD3 


670 


.7045 


■ 251 






34 


101 


040 


.6383 






25 




.58709 




.80237 


SG 




25 


.62126 


.61080 


1.6372 


.86840 


35 


2li 
27 


654 
079 


748 
787 


.7022 
.7011 


222 
207 


33 




37 


151 
176 


120 
160 


.6361 
.6351 


336 
310 


34 
33 


28 


704 


820 




192 


32 




28 


200 


200 


.6340 


394 




29 


729 


865 


[6988 




31 








240 


.6329 


279 


31 


SO 


^754 


J18905 


1.6977 


.86163 


80 




30 




.61380 


1.6319 


.85264 


3D 


31 


779 


944 


.6965 


148 


29 






275 


320 


.6308 


249 




33 


804 


.58983 


.6954 


133 












.6397 


234 


38 


33 


829 




.6043 




37 




33 




400 


.6337 


218 


37 




854 


061 




104 






34 


349 


440 


.6376 




36 


36 


.50879 


.69101 


1.6920 


.86089 


S5 




3fi 


^mi 


.61480 


1.6365 


.86188 


26 


3fi 


904 


140 




074 


24 






399 


520 


.6265 


173 


24 


37 




179 


.6898 


059 






37 


433 


661 


.6244 


157 


23 


33 


954 


218 




046 


32 




38 


448 


601 




143 




39 


.50979 




!0876 


030 


21 






473 


641 


.6323 


127 


21 


40 


.51004 


336 


!0863 


.86015 
.86000 


20 




40 

41 


.62498 


.61681 
721 


^fm 


J(5113 
096 


20 


43 


054 
0T9 


376 
415 


.6842 


.85985 
9T0 


18 
17 




42 
43 


647 
572 


761 
801 


Sim 

.6181 


081 
066 


17 


44 


104 


464 


'.mw 


■ 966 


16 






697 


843 


.6170 


051 


16 


4S 


.51139 


.69494 


1.6808 


.85941 


16 




45 


.62621 


.61883 


1.6160 


.85036 


15 






533 


.6797 


926 


14 




46 


646 




.6149 






47 


179 


673 


.6780 


911 


13 




47 


671 


.61963 


.6139 


.85006 


13 


43 


204 


613 


.6775 


896 


12 






696 


.62003 


.0128 


.8*980 


12 




229 


651 


.6764 








49 


720 


043 


.6118 


974 


11 


50 


.51254 


JS9691 


1.6763 


.85866 


10 




50 


.53745 


.62083 


1.6107 


.84959 


10 


51 


279 


730 


,6743 


851 


9 






770 


134 


.6097 


M3 


9 


52 


304 


770 


.6731 


836 








794 


164 


.6087 




8 


S3 




809 


.6720 




7 








204 


.6076 


913 


7 


94 


354 




.6709 


806 


6 




64 


844 




.6066 


897 




65 


.61379 






.86792 


S 




66 






1,6055 




S 


36 


404 




.6687 


777 


4 




56 


89;i 


335 


.6045 


866 


4 


fiT 


429 


.59967 


.6676 








57 


918 


366 


.6034 


851 




58 


454 


.60007 


.6665 


i 










406 


.6024 


836 


3 




479 


046 


.6654 






59 


967 


446 


.6014 






60 


.5I,TO4 


.60086 


i.aas 


.85717 


_0 




60 


.529112 


.62487 


1.6003 


.84805 







Cdb 


Ctu 


Tan 


Sin 


' 




Coa 


Ctn 


Tan 


Sin 


' 



32°— Values of Trigonometric Functions- 



' 


Sin 


Tan 


Ctn 


Cos 







.52992 


.62487 


1,6003 


.8480'5 


60 
















041 


668 


.5983 


774 




3 


068 




.6972 


759 


57 




091 


649 




743 


66 


5 


.53115 




1.5952 


.84723 


55 




140 


730 


.6M1 


713 


64 


7 


164 


770 


.5931 


697 






189 


811 


.6921 


681 






214 


352 


.6911 


686, 


61, 


10 






1.5900 


.M650' 


50 




3fi3 


1)33 


.5890 


635 


49 


12 








619 




13 

14 


312 
337 


:03O14 
065 


!a869 
.5859 


604 


47 
46 


16 


.B3361 


.63095 


1.0849 


.84673 


4S 


16 


sm 


136 


J>839 


567 




17 


411 


177 


Ji829 




43 


18 


435 


S17 


.0818 




42 


19 


460 


258 


.B80S 


511 


41 


20 


.63484 


.63299 


1,6798 


.84499 


40 


21 




340 




480 


39 


aa 


634 




:0778 


464 






638 


421 


.5768 


448 


37 


24 


583 


462 


.5707 




36 


25 


.03607 


.63503 


1.6747 


.84417 


36 




632 


044 


.5737 


402 




27 


650 


684 




386 


33 








^717 


370 


32 


29 


705 


666 


.5707 


355 


31 


30 


.63730 


.63707 


1.5697 


.84339 


80 






748 




324 






779 


789 


!0677 








804 


830 


.5667 


292 


27 


34 




871 


.5607 


277 


36 


35 


.53353 




1.6B47 


.84261 


25 


30 


877 




.0637 




34 




902 


.63994 


.6627 


230 




m 




.64036 


.0617 


214 


32 




9B1 


076 


.5807 


198 




40 


.63976 


.64117 


1.6597 


.84182 


20 


n 


.54000 


168 


.5587 


167 


19 


4a 


024 


199 


.6677 


101 


18 


43 




240 


.5567 


139 


17 




073 


231 




120 


16 


4S 


.M007 


.64332 


1,5547 


.84104 


IS 


4t; 


123 


363 


,5537 




14 


47 


146 


404 


J5537 


" 073 


13 




171 




,0517 


057 


13 


ii) 


19S 


487 


.5507 


(ttl 


11 


50 


.84320 




1,6497 


,84020 


10 






569 


.5487 


.84009 






269 




.0477 


,839^ 








653 


.5468 


978 




M 


317 




.M58 






ss 


.64342 


.M734 


1.5448 


.83946 


5 


53 




776 


JS438 


930 








817 


,6428 


915 






415 




.5418 


899 


2 


59 


440 


899 


.5408 






60 


.M404 


.64941 


1.5399 


,8:«fi7 







Cos 


Ctn 


Tan 


Sin 





' 


Sin 


T&u 


Ctn 


Cos 







5i4S4 


64'J41 


1.5399 


,83867 


60 


1 


488 


!64982 




851 


59 


3 


513 


.65034 


.5379 




68 




637 


060 


,9.369 


819 


57 




661 


106 


.5309 


804 




S 


.M086 


.60148 


1.9360 


.83788 


66 




610 


189 


.5340 


772 


5* 


7 


635 


231 


,6330 


756 


53 


8 




272 


.5320 


740 




9 


6S3 


314 


.6311 


734 


61 


10 


,54708 
732 


.65355 
397 


1,5301 
.6291 


.83708 


SO 

49 


12 


706 


438 


.5283 


676 


48 


13 


781 


480 


,6372 


660 


47 


14 
IS 


805 
.54829 


621 


1.0253 


646 


46 
46 


16 


8S4 


604 


.6243 




44 


17 




646 




097 


43 


18 


903 


688 


.6224 


681 


42 




921 


729 


.0214 


065 


41 


20 


.M991 


.65771 


1.5204 


.83649 


40 


21 


975 


813 








23 


.54999 




'.sm 


917 


33 




,59024 


SB6 


.5176 


501 


37 


24 


048 




,0166 


480 


36 


25 


.60073 


.65980 


1,6156 


.83469 


SS 


36 


097 


.66021 




453 




27 


121 






437 






140 


105 


.6127 


431 


33 




169 


147 


.5118 


405 


31 


30 


.65194 


.66189 


1.5108 




SO 


31 


218 


230 




373 


29, 


32 


342 


272 




356 




33 


366 


314 


.5080 


340 


27 


34 


291 




.5070 






36 


.65315 




1.5061 




26 




339 




,0061 


292 


34 






483 


.5W2 


276 


23 






524 




260 


22 


39 


412 


666 


;5023 


244 


21 


40 


.00436 


.68608 


1.0013 




20 




460 
484 


650 
692 


,5004 
.4994 


313 
195 


19 




609 


734 


,4985 


179 


17 


44 




776 




163 




40 


.66657 


.66818 


1,4906 


,33147 


16 


46 


581 


860 


,4957 


131 


14 


47 


605 


902 


,4917 


110 


13 


48 


630 


944 


.4938 


098 




49 


694 


.66986 




082 




50 


,65678 


.67028 


1.4919 


.83066 


10 






071 


■ .4910 


050 


9 


63 


726 


113 


.4900 


034 




53 


700 


155 




017 


7 


M 


775 


197 


.4882 


,83001 




55 


;65799 


.67239 


1.4872 




S 


56 


823 




.4863 




4 




847 




.4894 


953 




58 


871 


366 
409 


.4844 
.4836 


936 


I 


60 


.65919 


,67461 


1.4826 


,83904 







Coa 


Ctn 


Tan 


Sin 


' 



I4° — Values of Trigonometric Functions- 



' 


Sin 


Tan 


Ctn 


Cos 




D 


.55919 


.67451 


1.4826 


83904 


60 




943 


493 


.4816 


887 






968 




.4807 


871 




i 


^56016 


B78 


.4798 
.4788 


855 
839 


67 
66 


5 


.56040 


.676B3 


1.4779 


.82823 


56 


a 


064 


705 


.4770 


806 


B4 






748 


.4761 


790 


53 






790 


.4751 


773 


53 


9 


136 


833 


.4742 


767 


61 


10 


JS6160 


.67875 


1.4733 


.83741 


90 




184 


917 


.4724 


734 


49 




208 


.67960 


.4715 


708 


48 


13 


232 


.68002 


.4705 


692 


47 




3B6 


045 


.4696 


675 


46 


IS 




.68088 


1.4687 


.82659 


46 




305 


130 




643 


44 






173 


.4669 




43 




353 


315 


.4659 


610 


42 


19 


377 


258 








20 


.56401 


.68301 


1.4641 


.82577 


40 


2: 


425 


343 


.4632 


561 




22 


449 


386 


.1623 




38 


23 


4T3 


429 






37 


24 


497 


471 


!4605 


611 


36 


25 


.56521 


.68614 


1.4596 




36 




M5 


55T 


.4586 


478 


34 


27 


669 


600 


.4577 




33 


28 






■4668 


446 


82 


2y 


617 




.4559 


429 


31 


30 


.56641 




1.4650 


.82413 


30 


ai 




771 


.4541 


396 


29 


32 




814 


.4532 


380 




33 


713 


867 




363 


27 


34 


736 


900 


d514 


347 


36 


35 


.56760 


.68942 


1.4006 




26 


3H 


784 




.4496 


314 


24 


37 


808 


!69028 


.4487 


297 


23 




832 


071 


.4478 


281 


23 


;i9 


sse 


114 


.4469 


264 


31 


40 




.69167 


1.4460 




20 


« 


904 


200 


.4451 




19 


42 




243 


.4442 


314 




43 


962 


286 


.4433 


198 


17 


44 


.66976 




.4424 


181 


16 


49 


.57000 


.69373 


1.4415 


.82165 


16 




024 


416 


.4408 


148 




47 
48 


047 


489 
602 


.4397 
.4388 


132 


13 


49 


095 


54S 


.4379 


098 




60 


.5ni9 


.69588 


1.4370 


.82082 


10 


51 






.4361 


065 


9 


52 




675 


.4352 


048 




S3 


191 




.4344 




7 




215 


761 


.4336 


.82015 


6 


S6 


.67238 


.69804 


1.4326 


.81999 


9 


56 


262 


847 


.4317 


982 


4 


57 






.4308 


965 


3 


58 


310 


934 


.4299 


949 






334 


.69977 


.4390 


932 




BO 


..-17358 


.70021 


1.4381 


.81915 







Cos 


Ota 


Tau 


Sin 


' 



' 


Sin 


Tan 


Oto 


Cos 






.07358 
381 


.70021 
0(14 


1.4281 
.4273 


.81915 


GO 

69 




406 
439 


107 


.4264 
.4255 


865 


67 




453 


194 


.4246 


848 


56 




.57477 


.70238 


1.4237 


.81832 


55 




501 




.4339 


810 






624 




.4220 




53 




648 




.4311 


783 






573 


412 


.4202 


766 


51 


10 


.67598 


.70455 


1.4193 


.81748 


SO 




619 


499 


.4185 


731 


49 


12 


643 


642 


.4176 


714 


48 


13 


667 


586 


.4167 
.4158 


698 
681 


47 
48- 


16 


.57715 


.70673 


1.4150 


.81664 


46 


16 


738 


717 


.4141 


647 


44' 




762 


760 


.4133 


631 


43 




786 


>m 


.4124 


614 


42 


19 


810 


848 


.4116 


597 




20 


.67333 


.70891 


1.4108 


.81580 


40 


21 




935 


.4097 


663 


39 


22 




.70979 


.4089 


546 




23 




.71023 


.4080 


630 




at 




066 


.4071 


613 




Hi 


.57952 


.71110 


1.406.'i 


.81496 


85 


36 


976 


IM 


.4054 


479 


34 


37 


.67999 


198 


.4046 


462 


33 




.58033 




.4037 






29 


047 




.4038 




31 


30 


.68070 


.71329 


1.4019 


.81413 


30 


31 


094 


373 


.4011 


395 




32 


118 


417 


.4002 


378 




33 


141 


461 


.3994 


361 


27 


M 


165 


605 


.3986 


Mi 




36 




.71B49 


1.3976 


.81337 


26 


36 


213 


593 


.3968 


310 


24 




236 


637 


.3969 


298 


33 




260 




.3951 


376 


22 






726 


.3^ 






40 

41 


.68.307 
330 


.71769 
813 


1.3934 


.81342 
225 


80 


42 


3M 


857 


!3916 


208 




43 


378 


901 




191 


17 




401 


9iS 


.3899 


174 


16 


45 


.58435 


.71990 




.81157 


19 


46 


449 


.72034 


13882 


140 




47 


473 


078 


.3874 


123 


13 


48 


496 


122 




106 


12 


49 


619 


167 




089 


11 


60 


.58543 


.72211 


1.3848 


.81072 


10 


51 


6B7 


265 


,3840 


055 




63 


590 
614 


344 


!3S23 


038 
021 


8 

7 


54 


837 


388 


.3814 


.81004 


6 


66 




.724^ 


1.3808 


.80987 


6 


66 


684 


477 


.3798 


970 




57 


708 


521 


.3789 


953 


3 


58 


731 


566 


.3781 


936 


2 






610 


.3773 


919 




60 






1.37^ 


.80902 







Coa 


Ctn 


Tan 


ik 


' 



40 


36° — Values of Trigonometric Functions 


-ST 


[" 




Sin 


Taa 


Ctn 


C08 








Sin 


Tan 


ctn 


Cos 




"o" 


,58779 


.72654 1 


3761 


,80902 


60 





.60182 
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3270 


.79864 
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3755 
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401 




846 


59 






743 


3747 


867 


58 






228 


447 


3254 


829 
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3216 




57 


4 


873 




3730 


833 


56 




4 
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3238 
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5 
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.T2S77 1 
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3722 
3713 
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799 


as 




S 

6 


321 


.75584 1 


3330 
3222 
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55 




943 


.72966 


3705 
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675 


3214 




53 




967 


.73010 


3697 


765 


53 
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721 


3206 


723 


52 
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055 




743 


51 




9 


390 


767 


3198 


706 




10 


.690X4 


.73100 1 


3630 


,80730 


60 




10 


.6IM14 


.75813 1 


31B0 


.70638 


50 


11 


037 


144 


3672 


713 


49 




11 


437 


858 


31H2 


.671 


49 


12 


061 


ISH 


3663 


696 


48 




12 


460 


MH 


3175 


653 


48 


J-S 


.084 


234 


3655 


679 


47 




13 


483 


950 


3167 


635 


47 






278 


3647 


663 


46 




14 


600 


,76996 


3169 


618 




16 


,69131 




3638 


.80644 


46 




16 


.60529 


.70M2 1 


3161 


.79600 


45 


1« 


IM 


368 


3630 


627 








653 




3143 


583 




n 


178 


413 
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43 






576 


134 


3135 


565 
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3613 


593 


42 




13 


699 
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3127 


547 


42 


19 
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3605 




41 




19 
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226 


3119 


530 


41 


20 




.73547 T 


3597 
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40 




20 


.60646 


.76373 1 


3111 


.79512 


40 


21 
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3583 
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318 
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39 
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3580 
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3095 
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38 


33 


318 
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3087 


469 




34 


342 


726 


3564 


489 






24 


738 


456 


3079 


441 


:« 


26 


,59365 


.73771 1 


3555 


.8IM72 


36 




ZS 


.60761 


.76503 1 


3072 


.79424 


86 


26 




816 


3547 


455 


34 




26 


7M 


548 


30B4 


406 


34 


27 


412 




3539 


433 


33 




27 


807 


594 


30S6 








43« 




3531 


420 








830 


640 


3048 


371 


32 


39 


459 


ffll 


3632 




31 




29 


853 




3040 


353 


31 


30 


.69182 




3B14 


.80386 


30 




30 


.60876 


.76733 I 




.79335 


80 


31 




!74kl 
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3,506 
3498 


351 






31 




779 


3024 
8017 


318 
300 


29 

28 


sa 


652 


131 


3490 


834 


27 




33 


945 


871 


3D09 






3i 


57« 


176 


3481 


316 


26 




34 


968 


918 


3001 


261 


26 


36 


.59599 


.74231 1 


3473 




26 




35 


.60991 


.76.964 1 


2993 


.79247 


25 
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367 


3465 








36 


.61015 


.77010 


2985 


229 


24 


37 


640 


313 


3457 


261 






37 


038 


057 


2977 


311 


23 


38 




357 


um 


247 


22 






061 




3970 


193 


22 


39 


693 


402 


3440 


230 






39 


084 


149 


2962 


176 


21 


40 


.59716 


.74447 1 


3132 


.80212 






40 


.61107 


.77196 1 


2954 


.79158 


20 


41 


739 


492 


3424 


195 






41 


130 


342 


2946 


140 


19 


42 


763 


038 


3416 


178 






42 








122 




43 


786 


583 


3408 


160 






43 






3931 






44 


80B 


628 


3400 


143 






44 


199 




2923 




16 


46 




,74674 1 




.80125 






46 




,77428 1 




.79009 


IB 


46 




719 


3334 


108 






46 






2907 


051 




47 


879 


764 


3375 


091 






47 


268 


621 


2900 


033 




43 
49 


902 


810 
855 


3367 


073 
056 






48 


291 
314 


g| 


28B4 


.79016 
.78998 


12 
11 


50 


,59949 


.74900 I 


B51 


.80038 






60 


.61337 


.77601 1 


2876 


.78980 


10 




972 


946 
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51 
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2869 






ss 


.69995, 


.74991 
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754 




944 


8 


53 


,60019 


.75037 




.79986 






53 


406 


801 




926 


7 


54 


W2 


083 


3319 


968 






94 




848 


2816 


908 


6 


56 


,60065 


.75128 1 


3311 


.79951 






86 


.61451 


.77895 1 


2838 




6 




089 


173 


3303 


■ 934 






56 


474 


Ml 


28.30 


873 




57 

58 


112 
135 


261 


3295 


916 
899. 
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57 


497 


,77938 
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2822 
2815 


855 
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310 


3273 


B81 
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543 


083 
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819 
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60 
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38° — Values of Trigonometric Functions— 39° 
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~0 


.61066 


.73129 


1.3799 


.78801 


60 


~0 


,62932 


80978 


1.2349 


.77715 
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.2793 


783 


59 




1 


955 


!81027 


.3342 




59 








.2784 


765 








,63977 
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.23m: 


673 


68 


3 


635 
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.3776 


747 








,63000 


123 


.2337 




57 
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.2769 


729 


66 




4 


033 


171 


,2320 






5 


,61631 


.78363 


1.2761 


.78711 


66 




S 


.63W5 


.81220 


1,2312 


,77633 


55 




704 


410 


.2753 


694 


54 






06S 


268 


.2305 


605 


54 




728 


457 


.2746 


670 








090 


316 




680 


53 


8 


749 


604 


.3738 










113 


304 




668 







772 


551 


.2731 


040 


51 






136 


413 






61 


10 


.61795 


.78598 


1.3723 




50 




10 


,63158 


.81461 


1,3270 


,77631 


60 


11 


313 


645 


.3715 


604 


49 




11 


180 


510 


.3268 


913 


49 


12 


841 


693 


.3708 


580 


48 




13 


203 


658 


,2261 


m 


48 


13 


864 


739 


.2700 




47 




13 


225 


606 


.2264 


476 


47 




887 


786 












248 


055 


,2M7 


459 


40. 


15 


.61903 


.73334 


1.2685 


.78533 


45 




15 


.63271 


.81703 




.77439 


4S 


IH 


932 


881 


.3677 


614 


44 




16 








431 




17 


955 


928 


.2670 


496 


43 




17 


316 


800 








18 


.61ft78 


.73976 




478 


43 






338 


849 


.3218 




43 


19 


.62001 


.79023 










19 


801 




,3310 


300 


41 


20 


,63034 


.79070 


1.3647 


.78443 


40 




20 


.63383 


.81^6 




.77347 


40 


21 


04(i 


117 


.2640 


424 


39 




21 


406 


.81995 








22 




104 


.2633 


400 






33 


428 


.82044 


.3189 


310 




23 




313 






87 






451 


092 


.3181 


293 


37 








,!2617 


309 


36 




34 


473 


141 


,2174 


273 


30 


2S 




.79806 


1.3609 


.78361 


8S 




2S 


.63496 


.82190 


1.3107 


.77355 


36 


26 


160 


354 


,2002 




34 




36 


518 




,2160 


230 


M 


27 


183 


401 


.2594 


316 


33 




27 


540 


287 


.3163 


218 






206 


449 


.3587 


397 








563 


336 


,2145 


igs- 








496 


.3579 


379 


31 




29 


686 




.2138 


181 


31 


30 


,63251 


.796M 




,78361 


SO 




80 


.63608 


.8343t 


1.2131 


,77162 


30 


■31 


274 


591 


,35M 


243 


29 




31 


mo 


483 


,3124 


144 


29 






639 


.3567 


325 


28 






653 


531 


.2117 


125 








636 


.3M9 


300 


37 




33 


676 


S80 


.2109 


107 


37 




343 


734 


.3643 


188 


26 




34 




039 


.2102 


083 


36 


35 


,63305 


.79781 




.78170 


26 




35 






1.3096 


.77070 


26 


30 




839 


,3027 


163 






36 


743 


737 


.2088 


051 


24 


37 


411 


sn 


.3519 


134 


23 




37 


765 


776 


.2081 


083 






433 


m 


.3612 




33 




38 


787 


835 


.3074 


.77014 


22 


39 


456 


.79972 


,3504 




31 




39 


810 


874 


.3066 


,70996 


31 


40 




.80020 


1.2497 


.78079 


20 
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1,2059 


.70977 


80 




503 


067 
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19 






854 


,32972 


.2062 


959 


19 




524 




!2483 


043 


18 




43 


877 


,83023 


.3046 


MO 


18 


43 


647 


163 


.2470 








43 


899 


071 




921 


17 


4i 


570 


311 


.3467 


.78007 






44 


933 




.2031 


903 


16 


45 


,63693 


.80398 


1.2460 








49 


.63M4 


.83169 


1,2024 


.76884 


15 






306 


,2453 


970 






46 


966 


218 


.2017 


860 


14 
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354 


.3445 
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847 


13 


*? 
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403 
450 


.3437 
.3430 


934 
910 






48 
49 


033 


317 
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,2002 
.1995 
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13 


50 


.62706 


.80498 




,77897 






60 


.64056 


,83416 
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.76791 
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!3415 


379 






61 




465 


.1981 


773 


9 




751 


694 




861 






52 


100 


614 


.1974 


754 




53 


774 


643 


.2401 


843 






53 


123 


564 


.1%7 


739 


7 


d4 


796 


690 




824 






64 


145 


013 


.1900 


717 





55 


,62819 


.80738 




.77806 






65 


.64107 




1.1953 




6 










783 






66 


190 


713 


.1946 


679 






864 


834 


.3371 


769 






67 


313 


761 


.1939 








887 




.3364 


751 


3 






234 


811 


.1932 


643 
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909 


930 


.3356 


733 






69 


360 




.1925 


033 


1 


60 


.62933 


,80978 


1.3349 


.77715 







60 


.64279 


.83910 


1.1918 


.76604 
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cm 
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~ 
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Sin 
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.M379 


.83910 


1.1918 


.76604 


60 


tl 


.65606 


.86929 


1,1504 


,75471 


60 












59 






638 


.8(i9e0 


,1497 


452 


59 


a 


333 


!840a9 


!l903 












.87031 


.1490 


433 






MS 


059 


.1896 


643 


57 




8 


673 












368 


108 




530 


56 




4 


694 


133 


.1477 


399 




6 


.84390 


.84158 


1.1883 


.76511 


55 




6 


.69716 


.87184 


1.1470 


,76376 


66 




*13 


Q08 




402 






6 


738 


236 


.1463 


356 


54 


7 


435 




;i86S 


473 






7 


759 




.1466 


337 


63 




4S7 


307 


.1861 


455 


63 




8 


731 




.1450 


318 


52 


9 


4T9 


357 


.1854 


436 


61 




9 


803 




.1443 




61 


10 


.64B01 


.84407 


1.1847 


.76417 


50 




10 


.66825 


.87441 


1.1430 




50 




S24 


457 


.1840 


398 






11 


847 


493 








12 
13 


646 
S68 


607 


.1833 
.1826 


361 


48 
47 




13 
13 


869 
891 


543 
696 


.1433 
.1416 


341 
322 


47 


14 


590 


606 


.1819 


342 


46 




14 


913 


646 


.1410 


a)3 


46 


19 


.61612 


.84056 


1.1813 


.70333 


46 




15 


.66936 


.876SMJ 


1.1403 


.75184 


46 




635 


706 


.1806 


3«: 


44 




16 


950 


749 


.1896 


. 165 


44 


17 


657 


756 


.1799 


230 


43 




17 


.66978 


801 


.1389 


146 


43 


18 


679 


806 


.1793 


367 


42 




18 


.66000 




.1383 


136 


42 


19 


701 


856 


.1785 


348 


41 




19 




' 904 


.1376 


107 




20 


.64733 


.81906 


1.1778 


.76229 


40 




20 


.66044 


.879!B 


1.1S69 




40 


21 


740 


.84956 


.1771 


210 


39 




31 


066 


.88007 


.1363 


069 


39 






.85006 
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099 


.1356 


050 




23 


790 
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33 


109 


110 


.1349 


030 


37 


24 


812 


107 


.1750 


164 


36 




24 




162 


.1343 


.75011 


36 


25 


.64834 


.85157 
307 


1.1743 
.1736 


.76135 


85 

34 




?^ 


.66153 
175 


266 


;i339 


.74992 
973 


36 

34 




878 


257 


.1729 


097 


33 




27 


197 


317 


.1323 


963 


33 




901 


308 






33 






218 


369 


.1316 


934 




39 




398 


!l715 


059 


31 




29 


240 


421 


.1310 


919 


31 


30 
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.SS403 
458 


1.1708 
.1703 


.76041 


30 




30 

31 


384 


,38473 
524 


1.1303 
.1396 


.74896 
376 


30 

29 




.64980 


509 


.1695 


,76003 








306 


576 


.1290 


857 


28 


33 


.65011 


699 


.1688 


.75984 


37 




33 






.1383 


838 


37 




033 


609 


.1681 


965 


26 




34 


349 


680 


.1276 


818 




3S 


.65056 


.36660 


1.1674 


.76946 
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36 


.66371 


.33733 


1.1370 


.74799 
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710 


.1667 


937 


24 




36 


3iJ3 


764 


,1303 


780 


24 


37 


100 
123 


761 
811 


.1660 


889 


22 




37 
38 


414 
436 


338 


.1357 


760 
741 


23 




144 


862 


!l647 


870 


31 




39 


458 


im 


!l243 
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.86913 




.75851 


SO 




40 


.66480 


.88992 


1.1237 


,74703 
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.85963 


;i633 




19 




41 


601 


.89046 


.1330 




19 


43 


210 


.86014 


.1626 


813 
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097 


,1324 






43 


232 


064 


.1619 
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17 




43 


940 


149 






17 


44 


264 


119 


.1613 


775 


16 




44 


560 


201 
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.65376 


.86166 


1.1606 


.75756 


15 
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.06583 


.89263 


1.1204 


.74006 


15 


46 
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316 


.1599 
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46 


610 


306 


.1197 


686 
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4T 


320 


267 


.1593 
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343 


318 


.1585 
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.1184 
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.1578 
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463 
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.75661 
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740 
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783 
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.86674 


1.1538 
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.89777 
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830 
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67 
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si 


3 


m 


984 
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-Values of Trigonometi'ic Functions — 43° 
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•A 
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99 


(i 
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1054 
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51 


10 
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90 


11 
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1035 
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12 
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061 
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14 
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Ml 


46 
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.74033 


46 
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887 
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.74002 


44 
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940 


0996 
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43 


IS 




.90993 
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963 




19 


32S 


.91046 
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41 


SO 


.67344 
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.73924 


40 


ai 
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39 


33 
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24 
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313 


0961 


846 
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.67463 
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.73826 


39 


26 


473 


419 




806 


34 


27 




473 
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33 


28 


516 




0926 


.767 




29 


638 


680 


0919 
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31 


30 


.67559 
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0913 


.73723 
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0907 


708 
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740 
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08M 
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27 


34 


645 


847 
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36 


36 


688 


.91955 


0876 


610 


24 




709 


.92008 




690 


28 


38 


730 


062 




670 


22 


;» 


im 


116 


0856 


551 


21 


40 


.61113 
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.78531 


SO 


41 


796 


224 


0843 




19 


42 


816 


277 


0837 


491 


18 


43 


837 


331 


0831 


472 


17 




359 




0824 


453 


16 


45 

40 


901 


.92439 1 
4.93 


0818 
0812 


.73432 
413 


16 

14 


47 




B47 


0805 




13 




944 


601 


0799 


373 


13 




965 


665 


0793 


353 




60 


.67987 


.92709 1 


0796 


.78333 


10 


51 


,68008 


763 


0780 


314 




62 


029 


81T 


0774 


2M 




53 




873 


076S 


374 




54 


073 


926 


0761 


254 


6 


66 




.93980 1 


0755 


.73234 


6 


66 


116 




0749 


215 


4 


67 


130 








3 






143 


0736 


175 






179 


197 


0730 


1B5 




60 


.68300 


.!i3353 1 


0734 


.73135 


_0 




Cos 


cm 


Ian 


Sin 


' 





Sin 


Tan 


Ctn 


Cob 







.68200 


.93362 1 


0724 


3%S 


eo 




331 


306 


0717 






342 


360 


0711 


096 




3 






0705 


076 


57 


4 


385 




mm 




56 


5 


.68306 


.93634 1 


0693 


,73086 


95 




327 


578 


0686 


.73016 






349 


633 


0680 


.73996 






370 


688 


0674 


976 


52 


9 


891 




0668 


957 


61 


10 


.68413 


.93797 1 


0661 


.72937 


50 


11 


434 




0656 


917 


4i) 


13 


4B5 


906 


0649 


897 


4a 


13 


476 


.93961 


0643 


877 


47 


14 


407 


.^16 


0637 






16 


.68518 


.91071 1 




.73837 


45 


16 




126 


0624 


817 


44 


17 


661 


180 




797 


43 


18 




236 


0612 


777 


43 


19 


603 


290 


0606 


767 


41 


ao 




.94345 1 


06<I9 


.72787 


40 


31 


645 


400 










666 




0587 


697 


38 




688 


610 


0581 


■ 677 


37 


34 


709 


665 


0575 


667 


36 


Zi 




.MtiSO 1 






S5 




751 


676 






34 


27 


772 


731 


0556 




33 




793 




0560 


67,7 


3a 




814 


841 


0644 


557 


31 


30 




.94896 1 






30 


31 


857 






617 


29 




878 


.95007 


0526 


497 




33 


899 


062 


0519 


477 


37 


34 


920 


118 


0518 


467 


36 


86 




.96173 1 


0507 


.72437 


26 


36 


962 


239 


.0601 


417 


24 


37 




284 


0495 




23 




^69004 


340 


0489 


377 


33 


39 


036 


396 


M83 


357 




40 


.69046 


.95451 1 


0477 


.72337 


20 


41 


067 


506 


0470 


317 


1!) 


42 


088 


662 


0464 


397 


18 


43 


109 


618 


0458 


277 






130 


673 


0462 






49 


.69151 


.95729 1 


0446 


.72236 


16 


46 


172 


785 


0440 


216 




47 


193 


'841 


04^ 


196 


13 


48 


214 






176 




49 


335 


.95953 


0433 


166 


11 


60 


.69256 


.96008 1 


0416 


.72136 


10 


61 


277 


064 


0410 








208 


130 


04M 


095 




63 

64 


319 


170 


0398 


075 
055 


I 


59 


.69361 






.72035 


9 






844 


0379 








403 


400 


0373 


.71995 




88 




457 


0367 


974 






446 


613 


0361 


054 


1 


60 


.69466 


.96569 1 


0366 


.719iH 


_0 




Coa 


Ctn 


^ 


Sin 





1f^ 



44° — Values of Trigonometric Tuuctions 



' 


Sin 


Tan 


Ctn 


Cos 







.6!M(i(l 


.96S69 


1.0355 


.71934 


60 


1 


487 


035 


.0349 


914 




2 


508 


681 


.0343 


8M 


58 


3 


52i» 


733 


.0337 


873 


57 




649 


7M 


,0331 


853 


66 


6 


.69570 


.96850 


1.0826 


.71833 


55 




591 


907 


.0319 


813 


64 


7 


612 


.98963 


,0313 


792 






t>33 


.97020 


,0307 


773 




9 


654 


076 


.0301 


752 




10 


.69675 


.97133 


1.029B 


,71732 


SO 


11 


696 


189 




711 


49 


12 


717 


246 


!0383 




48 






302 


,0377 


671 


47 


14 




359 


.0271 


650 


46 


15 


,69779 


.97416 


1.0365 


.71630 


45 


16 


800 


472 




610 






821 




[0253 




43 


18 


842 




,0247 




42 


19 


862 


643 


.0241 


649 


41 


20 


.69883 


.97700 


1.0235 


.71529 


40 


21 


9M 


766 


.0330 




39 


32 


935 


818 


.0234 






33 


»46 


870 


.0218 


468 


3T 


2i 


966 


937 


.0313 


447 


36 


35 


.69987 


.979^ 


1,0206 


,71427 


36 


28 


.70008 


.98041 


.0200 




S4 


ar 


029 




.0194 




33 


28 


049 


155 


,0188 


366 


32 


29 


070 


313 


.0183 


M5 


31 


30 


.70091 


.98370 


1.0176 


.71325 


30 




113 




.0170 




29 


33 




384 


.0164 


28* 


28 


33 


153 


HI 


.01S8 


364 


27 


3* 


174 


499 


.0162 


343 




36 




.38556 


1.0147 




25 


36 


315 


613 


.0141 


203 


24 


37 


236 


6T1 


.0136 




33 


38 


257 


738 


.0139 


163 


23 


39 


m 


786 


.0123 


141 


31 


40 


.70398 


.98843 


1.0117 


,71131 


eo 


*1 


319 


OOl 


.0111 


100 


19 


42 


33y 


.98958 


.0105 


080 


18 


43 


360 


.99016 


.0099 
.0094 


059 


16 


45 


.7IM01 


.99131 




.71019 


16 


46 


422 




;0082 


.70998 




47 


443 


247 


.0076 


978 


13 




463 


304 


.0070 


957 


12 




484 


363 


,0064 


937 


11 


50 


.70505 


.99420 


1,0058 


.70916 


10 


BI 


325 


478 


.0052 


896 


9 


53 






.0047 


875 








594 


.0041 


8B5 


7 


fii 


587 


653 


.0035 




6 


S5 


.70608 


.80710 


1.0029 


.70813 


5 


66 




768 




793 




67 






!0017 


7J2 






670 


884 


.0013 


752 


3 








,0006 


731 


I 


80 


.70711 


1.0000 


1,0000 


.70711 


_0 




Cos 


Ctn 


Tan 


Sin 


/ 



Coogic 



TABLE III 
COMMON LOGAKITHMS 

TEIGONO METRIC FUNCTIONS 

0° TO 90° AT INTERVALS OF ONE MINUTE 
FIVE DECIMAL PLACES 



TABLE Ilia — AUXILIARY TABLE OF S AND 3" FOR A IN MINDTES 

« = logsm^-loE 4' and T= log tan 4- Ing ^' 



A' 


S + 10 


0'- 13' 


6,46373 


14'- 43' 


72 


43'- 63' 


71 




6.46370 






Sr- 91' 






- gy 


6.46367 




















VV' 


-128' 




^^ 


-134' 




135 
HI 


-146' 


6,46361 
60 


141 


-151' 


59 


15' 


-167' 


6.46358 




-162' 


67 


ifiS 




6.463S9 








nr- 181' 


53 



A' 


J+IO 




6,46373 


ffl 


- X 


74 


4< 


- 41 


75 




- 5" 


6.46376 








IM 


- 61 




7C 


- 7. 


6.46379 


7r 


- » 


80 














it 


- St. 


83 


".' 




84 




-Iff 


6.46386 








nil 


-11 


87 


111 


-n: 


6.463E8 


in 


-IT' 


89 






ao 


125 


-127 


6,46391 
92 







I (110"— ^)' = number of ID 



46 


0° 


— Logarithms of Trigonometric Functions 




[III 




LSin 


d 


I Tan 


cd 


LCtn 


LCOB 














~0 

1 














60 


6.4fi 373 




6.46 373 




3.53627 


0,00 000 












3 


6,76 476 




6.76470 




3.33624 


0.00 000 


68 














6.94085 




6,94 085 




3,06 916 


0,00 000 


67 














7.06579 




7,06 579 




2,93431 


0.00000 


66 












6 


7-16 370 




7,16 270 




3,83730 


0.00000 


55 












6 


7.24188 




7.34188 


8694 


2.75 813 


0,00000 


54 






<r 






7 


7.30 SS3 




7.30882 


3.69118 


0.00000 


53 


o 




M 








7.36 683 








3,63 318 


0,00000 


52 






H 








7,41 797 




7^41797 




2.58 203 


0.00000 




S 








-i 


10 


7.46373 




7.46373 




2.53 627 


0.00000 


60 


t 




1 




11 


7,60 5]3 




7,60513 




2,49488 


0.00 000 










p 




7.54 291 




7.54291 




3.46 709 


0.00000 






"g 


^ 




la 


7.57 767 




7,57 767 


3219 


2,42 333 


0,00 000 


47 




^ 








14 


7.60 986 






2,39 014 


0.00000 


46 




>^ 


"S 


1 


IS 


7.63983 




7.63983 


Zl 


2,36 018 


0.00000 


46 




(i 


^ 






16 


7.66 784 




7,66 785 




0,00000 










1 


3 




7.B9417 








2:30682 


9.99 999 


43 


h 




1 


o 


18 


7.71900 




7!71900 


2348 


3.38100 


9.99999 


42 






£■ 


19 


7.74 24B 


3227 


7.74 248 


2.25 752 


9.99 999 


41 






.2 




s 


20 


7.76 475 


7,76476 




3.3S634 


9.99999 


40 


^ 


3 








21 


7.78 AM 








2,21405 


9.99 999 






1 






'S 


32 


7.80 616 




7,80 616 




3,19386 


9.99999 










33 


7.83 545 




7.83546 




3,17454 


9.99999 


37 












34 


7.84 393 




7,84 394 




2.16606 


8.99999 


36 






S 




o 


26 


7.86106 




7,86167 




2.13 833 




35 










■B 




7.87 870 




7.87 871 




2.13129 


a99 999 


34 


Tr> 




1 




1 


37 


7.89 S09 




7,89510 






9.99 999 




§ 


t- 








7.91088 








3.08011 


9.99 999 






oc 




■S 




39 


7.92 eiS' 




7^92 613 




2.07 387 


9.99 998 


31 






^ 




30 


7.M,084 


1424 


7.94 086 




3 05 914 




30 






M 








7.95 508 


7,96 510 




2,04 490 


9!99 998 




1 








^ 


33 


7.96 8B7 








3,03 111 


9.99 998 




1 


^ 


nd 


S 


33 


7 9S233 




7:98325 




2,01776 


0,99 998 


27 


1 






31 


7.99520 




7.99523 




2.00 478 


9.99998 


26 






1 


36 


8,00779 




8.00 781 




1.99 319 


9.99998 


S9 












m 


8,02003 




8.02 004 




1,97966 


9.99998 


34 


s 




rt 






37 


8,03193 




8.03194 




1,96 806 


9,99997 










g 






8.IH3S0 




8-01353 




1.96 647 


9.99997 






SP 


S 




£ 


39 


8,05478 




8.06 431 




I.9i619 


9.99997 


21 


d 


§ 






40 


8,06 578 




8,06 681 




1.93419 


9,99997 


SO 








^3" 


41 


8,07 630 




8,07 653 




1,92 M7 


9.99997 




o 




u 




£ 


43 




1022 


8.08 700 




1.91 SOO 


9,99 997 




^ 


■3 




't 


43 


8!09718 


8,09 722 




1.90 378 


9.99 997 


17 


1 










8.10 717 




8.10720 




1.89280 




18 




1 


^ 


S 


4S 










1,88 SIM 


9.99 996 


15 


1 




t 




46 


8:i3 647 




S:i3 651 




1.87 349 






1 


it 


o 


47 


8,13 581 




8.13 585 




1.86415 


9.99 996 








■rf 




8.14 4W 




8.14 500 




1.85 500 


9,9!) 996 


13 






d 


.2 


49 


8,15 391 




8,15 395 


«l 


1.84605 




11 




g 






t-. 


60 


8.16 268 




8.16273 




1.83727 


9.99995 


10 






^ 






51 


8,17128 




8.17 133 






9.99995 




Fh 


.3 






1 


52 


8.17 971 




8.17 976 




1.82 024 


9.99 995 


8 










63 


8.18798 




8.18804 




1.81 196 




7 




§ 




Ph 


1 


64 


8.19 610 




8.19 616 




1.80 384 


0.99 995 


6 






5S 


8.30407 




8.20413 




1.79587 


9.99 9M- 


S 












m 


8.21 189 




8,31 195 




1.78 806 


9.09 994 














57 


8:23 713 


765 


8,21964 
8.22 720 


™ 


1.78036 
1.77 280 


9.99 994 
9.99 994 


3 
3 














8.23156 




8.33163 


1,76 638 


9.99 991 


1 












60 


8,34186 




8,34193 




1.76 808 


9.99993 


^ 














L>os 


d 


LCtn 


od 


LTan 


LSiu 


' 



- Logarithms of Trigonometric Fnnctious 



11] 


1° 


— Logarithms 


of Trigonometric 


Functions 47 


~ 


I Sin 


V 


LTan 


cd 


LCtn 


I Cos 




Prop, Pt3. 





8.24186 
8.24 H03 


717 


8,24192 


718 


1,75 808 


9.99 993 
9.99993 


60 


7M 710 630 eeo m 








aiasHie 




1J4 384 


9.99993 


■58 




14* Ig 1^8 ^ 184 




8.2fl30t 




8,26312 




1,73688 




67 






4 


8.26988 


673 


8.26 9S0 




1,73004 




5B 




6 


8.27661 


8,37 669 




1,73 331 


9,99992 


S5 








8.28324 




8.28332 




1.71668 


9.99903 








7 


8.28 !»77 




8.28 986 




i.noi4 


9.99992 


63 






8 


8.29621 


634 


8.29629 


m 


1.70 371 


9.09903 


62 




9 


8.30 25B 


8.30 263 


1.69737 


9.99991 


61 




10 


8.30 879 




8,30 888 




1.60113 


0.99 991 


50 








8.31495 


eos 


8.31 606 




1,68496 


9,99 991 


49 






12 


8.32103 


8.33 IIB 


am 


1.67 888 


9.99 090 


48 






13 


8.32 703 




8,32 711 


1,67 280 


9.99 990 


47 




62 466 448 441 434 




8.33292 




8.33 303 


6W 




9.00090 




1 


^ g? 1 m m 


lis 


8.33875 




8.33 886 


1.66114 


9.99990 


45 




le 


8.34450 


aes 






1.66 539 


099 989 


44 






8.3S018 


8:35029 




1.64 971 


9.99989 


43 


2 




18 


8.35578 




S. 36 590 






9.99089 


42 


3 


S ii III io III 




8.36131 




8.36143 




lifts 857 


0.99 989 


41 




20 


8.36 878 








1.63 311 


9.99 988 


40 


? 




3i 


8.37 317 






633 


1.63 771 


9.09088 




a 


^a ^ 4^ 484 466 


32 


8,37 750 




8!37 762 


1.62 238 


9.99 988 




g 


549 640 6S1 B32 613 


23 


8,38 2T(i 










9.09 087 


37 






8.38 796 




8.38 809 




1,61191 


9.99 S)87 


36 




25 

26 

27 


8.39310 
8.39818 
8,40 320 


i 


8.39 323 
8140 334 


m 


1,60 677 
1,60 168 
1.59666 


9,99 987 
0,i(9 086 
9.99986 


35 

34 


I 
j 


1 1 i i i 




8.40816 


8.40830 




1.59170 


0.99986 








39 


8.41807 




8,41 331 




1,68679 


9.99985 


31 


t 


^ ^ ni ^ m 


30 


8.41792 


480 


8.41807 


480 


1.58193 


9.99985 


30 




31 


8,42 273 


8,42 287 


1.67 713 


a99985 


29 


mo DOO 4(0 4U «7I1 1 


32 


8.42746 




8.42 762 




1.67338 


9,99984 


28 


2 




33 


8.43316 


s 


8.43 332 


is 


1.56 768 


9.99984 


27 


a 




34 


8.43680 


8.43696 


1.66 304 


9.99984 


26 






39 


8.44139 




8.44166 




1.66 844 


9.99 983 


25 






38 


8.44 6M 


416 






1.55 389 




24 


8 


408 400 392 38| 3 8 


37 


8.49044 


8145061 


446 


1.51939 


a99 988 


23 


9 






8.45489 


8.46 507 


1.54493 


9,90982 


32 




39 


8.49930 




8.45 94S 




1.54062 


9,90982 






40 


8.46366 




8.46 386 




1,53 619 


9,90 982 


20 


3 "" "" " °' " 






8.46 799 




8.46 817 




1.53183 


9.99081 


19 




II il ^0 il i 




8.47 226 




8.47 245 




1.92 T55 


9.99 981 


18 




i\i 


8.47660 




8.47669 




1.52 331 


9.00 081 


17 




3^ iJg 1 11 1 




8.48069 




8.48 089 




IM 911 








45 






8.48605 




lJil496 


9.99980 


15 




4ti 


3148 896 


4oa 


848 917 




1.51083 


9,99979 






i7 


8.49304 


8.49 325 




1.50 675 


9,99979 


13 


3 




48 


8.40 708 




8.49 739 




1.50 271 


9,99979 


12 




161 160 1 SO 1^ 540 


49 


8,50 108 




8.50130 




1.40 870 


9,99978 


11 




11 ^ 1 7:5 l|^ II 


50 


8,50504 




8,50937 




1.49 473 


9,99978 


10 




51 


8.50 897 




8,50 9'.{0 




1.49080 


9.99977 








53 


8.51387 




8.91310 




1.48690 


9,99977 








53 


8,51673 




8,51690 




1.48 304 


9.99977 




3W s«^ 37. aw M» 1 




8.62096 




8.52079 




1.47 021 


9.99976 


6 


95 


8.52 434 


376 


8J>3459 




1.47 641 


9.90976 


5 




U 112.6 111 109.6 108 


56 


8.62 810 


8.62 835' 




1.47 165 


9.99 9T5 


4 




62 160 


i lU iSa 


57 


8.63183 




8.53208 




1.46 792 


9.99975 


3 


t 




- HImI 2 




8.53662 




8.53578 




1.40432 


9.90 074 


2 


7 








8.53919 








1,46 09,15 


9.99 974 










60_ 


8,64 283 




8,54 308 






0.99974 





'■ ..-L. 1 




I. Cos 


~d~ 


LCtn 


71 


LTan 


LSin 


' 


Prop. Pts. ■ ■ 1 
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48 


3° 


-LogaritL 


ms 




Functions [ 


nt 


~ 


LSin 


~d~ 


LTan 


Td~ 
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9.00135 




36 


3 


12,4 


13.3 


12,0 


US 


9,39654 




9.30 533 




0,69478 


9,99133 




85 


3 


18,6 


18 


3 


13,0 


W 


9.29710 




9.30 587 




0.09413 


9,99130 




31 


4 


24,8 


34 




24.0 


27 


9.29 779 




9.30 653 




0.60 348 


9,09137 




33 




31.0 


30 


6 






9.29841 




9.30717 




0.69 283 


9.99124 




32 


6 


37.2 


36 


6 


36.0 


29 


9.29903 




0.30783 




0.69218 


9.99 ia2 






7 


43.4 


43 


7 


43.0 


80 

31 


9.29966 
9.30028 


Z 


9.30846 
9.30 911 


^ 


0.69154 


9.99119 
0,99117 


2 


30 

2!> 


3 

9 


40.6 
59.8 


48 
54 


8 
9 


48.0 
64.0 




9.30090 




9.30 975 




o!69 035 


9.99114 






f 




9.30151 




9.31040 




0.68 960 


9.99112 




27 




69 


3 


34 


9.30313 


z 


9.31 10* 




0.68 896 


9,99 JO0 








0.6 
0.9 


35 

36 


9.30375 
9.30 336 


9.31 168 
9.31333 


66 


l>.e8832 
0.68 767 


9.99106 
9.99101 


2 


26 

2+ 


3 


Vl'.l 


37 


9.30 398 




9.31297 




0.68 703 


9.99101 






6 


20!5 
35.4 






9.30469 




9.31361 




0.68639 










89 


9.30531 




9.31435 




0.68 575 


9,99096 




21 






40 


9.30 B82 




0.31480 




0.68611 


9.99003 




20 




47^3 




41 


9.30 643 




9.31553 




0.68448 


9.99 091 




10 






y'r 


42 


0.30 704 




9.31 616 




0.68384 


9.99 088 




18 




43 


9.30 7(» 




9.31679 




0.68 331 


9.99 08B 








a 


9.30 828 


l\ 


0.31 743 




0.68 257 


9.99083 








4S 


9.S0887 


9.31806 




0,68104 


9.00 080 




16 


From the top ; 


4(1 


9.30947 




9.31 870 




0.68130 


9.99 078 




14 




47 


9.31008 




9.31933 




0.68 067 


0.99076 




13 


Porll=+orlBP+, 


48 


9.31068 




9.31996 


i 


0.68 004 


9.99072 






i-aad as printed ; for 
101°+ or 281°+, read 


49 


0.31120 




9.32050 


0.67941 


9.99070 




11 


SO 






9.32122 




0.67 878 


9.99067 




10 




51 


9',313S0 




9.33 185 


63 


0.67 816 


9.99004 






co-function. 


03 


9,31310 




9.33 348 


0.67 752 


9,99062 








S3 


9.31 370 




0.33311 




0.67089 


9.99059 






From the bottom: 




9.31430 




9.33373 


63 


0.67 627 


9.99056 




6 




S5 


9.314,90 




9.32430 


0.67 564 


9.99054 




5 


For T8°+ or 268°+, 


56 


0.31 549 




9.S2408 




0. 67 602 


0.99061 






read as printed ; for 


B7 


9,31609 


m 


9.32 561 




0,67 430 


9,90018 






168°+ or 348°+, read 


ns 


0.3] 669 


0.33 623 


S2 

aa 


0.07 377 


9,99 M0 






co-fnnotioE. 


59 


9.31 738 






0.67 316 


9,99 M3 




1 


60 


9.31 788 




9.33 747 




0,67 2.^53 


9.99 MO 
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— Logarithms of Tr 


igoiiora 


etJ 


ic 


Fiiuctioiis 






III 


~ 


LBin 


d 


LTan 


Cd 


LCtt- 


I Cos 


A_ 




Prop, Pts, 




1 


h;31847 


59 


9.33 747 
9.33 810 


63 


0.OT253 
0.67190 


9,99040 
9,99038 




io" 




2 


9.31907 




9.33873 




0.67123 


9,99036 




58 










3 


9.31 9156 




9,33 933 




0.67 067 


9.99033 






2 


12.6 


12.4 


13,3 1 








9.33 995 




0.67006 


9.99030 




66 


3 


18,9 


18.6 


18 




9 


9.32084 




9.33 057 




0,66 943 


9.99027 




65 


4 


25.2 


24.8 








9.321*3 




.9,33119 




0.B6 8B1 


9,99024 




64 






31.0 


30 


5 


7 


9,32 202 




9.33180 




0,66 830 


9.99023 








37,8 


37.2 


3b 










9,33 242 




0.66 758 


9.99019 








44.1 


43,4 


42 


7 




9.33 319 




9.33 303 


11 


0.66697 


9,90016 




51 




50,4 


49,6 


48 




10 


9.33378 




9.33365 


0.66 S36 


9.0!) 013 




50 






^" 1 




9.32437 




9,33426 




0,66 574 


9.99011 




49 


1 


12 


9.32 495 




9,33487 




0,66 513 


9,99008 




48 




60 


SO 


98 


13 


9.33 553 




9.33 548 




0.66 453 


9.99005 




47 


3 


13,0 


11.8 


II'-- 1 




9.33613 


% 


9,33609 




0.66391 


9.99002 




46 


1; 




15 


9.32(570 


9,33670 




0.66 330 


9,99000 




49 




34!o 


33 ^6 




16 


9.33 728 




9.33731 




0.66 269 


9.98997 




44 




30,0 


29.5 


2! 




IT 


9.32 786 




9,33792 




0.66 208 


9.98 9M 




43 












18 


9.33 844 




9.33 8S3 




0.66 147 


9,!)8 99I 




42 






413 






19 




68 


9.33913 


00 


0.06087 


9.98 989 








48^0 


47,2 




4 


20 


9.33 960 




933 974 


0,66 036 


9,98 986 




40 




64.0 


53,1 




3 


21 


9.33018 




9.34 0^ 




0.65 960 


9,9S9S3 




39 




23 


9.33075 




9.34 095 




0,65 005 


9.38 980 








23 


9.33133 




9,34155 




0,66 845 


9.98978 




37 










9.33190 








0.05 785 


9.98975 




36 


3 


11,4 


1,3 1 


2S 


9,33 348 




9.34 276 




0.65 734 


9,98 973 




35 


3 


17,1 






2ti 


9.33 305 




93t:i38 




0,65 6M 


9.98 909 




34 




22.8 




27 


9.33 362 








0,155 604 


9.98 9B7 




33 




38,6 


2 


,0 


28 


9,33430 




9!34 4,5fi 




0-65 644 


9.98 9K4 








S4.3 


33.6 1 




9.33477 




9M516 




0.65 484 


9.98 961 




31 


7 


39.9 


3f 


,2 


30 


9.33534 


67 


9,34676 


60 


0.65 424 


9,98 958 




SO 


8 


4S.6 


44 


.8 


31 


9.33 591 




9.34635 




0,l>5 365 


9.98 955 




29 




G ,^ I 




9.83647 




9,34695 




0,«IB05 


9.98 953 




28 


1 


33 


9.33 7IH 




9.34755 




0.65 245 


9.!)89S0 




27 




55 


3 


34 


0.33761 




9.34 814 




0.66186 


9.98947 












39 


9.33818 




9.34 874 




0.65126 


9.98 944 




25 




23.0 
37.5 






m 


0.33 874 




9.34 933 




0,65 067 


9.98 Ml 




24 


4 








9.33 931 




9.34 993 




0.65 008 


9,98 938 




33 








9.33987 








0,64 949 


9.98 936 






6 

7 






39 


9.34043 




9^35 111 


z 


0.64 889 


9,98933 




21 


38!b 


2 




40 


9.34100 




9.35170 


0.64830 


9.98 930 




20 




44,0 








9.34156 




0.35 329 




0.64771 


9.98 927 




19 


9 


49.5 


3 




43 


9.342X3 








0,04712 


9.98 924 




18 




43 


9.34268 




9.35 347 




0.64653 


9.98921 








44 


9.34324 


w 


9.35405 




0.ftl595 


9.98 919 




16 




45 


9.34380 


9.35 464 




0.64636 


9.98 916 




19 


From the top : 


4e 


9.34436 




9.35 623 




OM 477 


9.98 913 








47 


9.34491 




9.;a581 




0.64 419 


9.98 910 




13 


For 12°+ or 192°+, 


48 


9.34547 




9,35640 




0.M360 


9.98 907 




13 


read as printed; for 


49 


9.34603 




9,35693 




0.64 303 


9.98904 




11 


103"+ or 282°+, read 


50 


9.34658 




9.35757 


5S 


0.64 243 


9,98901 




10 




51 


9.34713 




9.35815 


0.64186 


9.98898 








52 


9.34769 




9,35 873 




0.64 127 


9,98896 








53 


9.34824 




9,35931 




0.61069 






7 


From the bottom ■ 




9.34 879 


65 


9.35 989 


6S 


0.64011 


9!98890 




6 


For 77° or 257^, 


95 
58 


9.34 934 
9.34 989 


» 


9,30 047 
9,36105 


58 


0.63 953 
0,63896 


9.98 837 
9,98 884 




5 


read as printed ; for 


67 


9.35 M4 




9.36163 




0,63 837 


9,98 881 






167° or 347°, reail 


58 
59 


9.35 099 
9.35154 


66 


9.36 221 
9.86279 


11 


0.63 779 
0.63 731 


9.98 878 
9,98 876 




1 


co-Iunction, 


il 


9.35 309 


66 


9,36 336 


57 


0.63 064 


9,98 872 
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13 


- 


togarithm 


s of Trigonometric 


functions 




59 


T 


I, Sin 


T 


LT^ 


cd 


LCtn 


LCoa 


d 




Prop. Pts, 








9.36 336 




0,63 6ta 


9,98 873 




60 






9.3S2t{3 




9.36 3M 




0.63 606 


9,93 369 




59 






9.35318 


6a 


9,36 4S3 


68 


0.63 648 


9.98867 




58 












9.3S373 




9.36509 




0.63491 


9,98 864 




57 


2 


11,6 


11,4 


11,2 




9.3S427 


64 


9,36 566 




0.63434 


9,98861 




56 


3 


17,4 






16,8 




9,35 481 


9.36 634 




0,63 376 


9,98 858 




66 












22,4 




9.35 636 




9.36 681 




0.63319 


9,98866 




64 


6 


3S 






6 


38,0 




9,35 59U 




9.36 738 




0.63 362 






53 




34 


8 


34 


3 


33.6 




9.35 644 




9.36 795 




0.63205 


9!98M9 




62 


7 


40 


6 




9 


39,2 




9.35698 


54 


9.36 853 




0.63148 


9.98846 




51 


I 


4f 


4 




6 


44,8 
60,4 




9,35 752 


9.36 909 




0,63091 


9.98 843 




SO 








9.35 B06 




9.36 966 




0,63034 


9.<18M0 




49 


1 




9.35 860 




9.37 023 




0,63 977 






48 




56 


64 


63 




9.35 914 




9.37 OBO 




0,63920 


9.98834 




47 












9.35968 


M 


9,37 137 




0.63 863 


9,98 831 




46 


3 


11,0 


10,8 
16,3 
31.6 


10,6 




9.36 023 


9.37193 




0,62 807 


9,98828 




46 




22^0 


21:3 


w 


9.36075 


61 


9.37 350 




0,63.750 


9,98825 




44 




37.5 


27.0 


26.6 






9.37 306 




0,63694 


9.98832 




43 








31.8 


18 


9:36183 




9,37 363 




0,62637 


9.98819 














10 


9.36 336 




9,37419 




0.63681 


9.98816 




41 


8 


44 !o 


43 !2 


43!4 


20 






9,37476 




0,62624 


9.98813 




40 





49,5 


48,6 


47.7 


21 


9,36 343 




9,37 533 




0,63468 


9.98 810 




39 


1 




9.36 396 




9.37583 




0,63412 


9.93 807 






..... 1 


23 


9.36449 




9,37 few 




0,63 356 


9,98 804 














2i 


9.36 503 


■K 


9.37 700 




0.62 300 


9.98 801 




36 


2 


10.4 


! 


,2 


25 


9.36 555 


9.S7756 


68 


0,62 244 


9,98 798 




36 


3 


16,6 


1 


.3 


26 


9.36 60S 




9.37 813 


0.62188 


9.98 795 




34 




20,8 


2 






9.36 660 




9.37 868 




0.63132 


9,98 793 






6 


26,0 








9.36713 


63 


9,37 934 




0,63076 






32 


6 


31.3 


3 




29 


9.36 766 




9.37980 




0.63020 


9;98 78« 




31 


7 


36.4 


Be 


.7 


30 


9.36 819 




9,38035 




0,61065 


9.98783 




30 


8 


41.6 


4 






9.36871 




9.38091 




0,61909 


9.98780 










45.a 1 


32 


9.36934 




9,38147 




0,61853 


9.98 777 






1 


33 


9,38976 




9,38203 




0,61798 


9.98 774 




27 




3 


M 


9.37028 


63 


9,38 267 


M 


0,61743 


0,98771 






2 




0.r ' 


ss 


9.37081 


9.38 313 


0,61687 


9.98 768 




25 


c- 








36 


9.37133 




9,38368 


M 


0,61632 


9.98 766 






4 
B 










9,37185 




9,38433 


0,61577 


9,98 763 




33 









'> 


38 


9,37237 




9,38479 




0.61621 


9.98750 




33 






39 


9.37 389 




9 38534 




0,61466 


9.98 766 




21 












40 
41 


9.37 341 
9.37 393 


'i 


9,38589 
9,38644 


5* 


0,61411 
0,61356 


9.98753 
9.98750 




20 


I 




6 


I 




42 


9.37445 




9.33699 


55 


0.61301 


9.98 746 


I 


IS 




43 


9.37 497 




9.38764 


0,61246 


9,98743 




17 






9,37 649 




9.38 808 




0.61 193 


9,98740 




16 




46 


9.37600 




9.38 863 




0,61 137 


9.98737 




16 


From the top: 


46 


9.37653 




9,38918 


H 


0.61082 


9.98 734 




14 


47 


9.37 703 




9.38 973 


0.61028 


9,98731 




13 


For 13°+ or 198''+, 




9.37 755 




9.39027 




0.60973 


9.98728 




12 


read as printed ; for 
103°+ or 283°+. read 


50 


9'37858 


62 


9.39083 
9.39136 


M 


0.60918 
0.60 864 


9,98 725 
9.98 723 




10 


SI 


9!37 909 




9,39190 




0.60 810 


9.98 719 




9 


eo.functiou. 




9,37 960 




9,39346 


H 


0.60 765 


9.98 716 








53 


9.38011 




9.39299 


0.60701 


9.98712 




7 


From the bottom: 


54 


9.38062 




9.89863 




0.60647 


9.98709 








S5 


9.38 U3 




S.3940T 




0,60593 


9,98 706 




6 


For 16" or 286°, 


66 


9,3816* 




9.89461 


H 




9,98703 




4 


read as printed ; for 


57 


9,38215 




9,39 515 


o!604e5 


9.98 700 






166°+ or 346°+, read 




9.38266 






0,60431 


9,98697 










9,38 317 


61 


9!39 623 


6^ 


0.60 377 


9.98694 




1 


co-f unction. 


60 


9., 38 368 




9.39 677 


0.(i0 323 


9,98 69(1 
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~r 


LSiiL 
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LTaa 


il 


LCIu 


I Cob 


d 




Prop. PtB. 





9.38 368 




9.39 irr7 






9.98690 




60" 






9.38 418 




9.39731 




o!60Sfi9 


9.98687 








3 


9.38469 




9.39 785 




0.60 315 


9.98 (i84 




58 




04 






3 


9.38619 




9.39 833 




O.(i0162 


9.98681 




57 




10.8 


10.6 


104 1 




9.38570 




9.39892 




0.60108 


9.98 (i78 




56 




16.2 






16 


i 


5 


9.38620 




9.39 M5 




0.60055 


9.98 675 




56 




21 .6 


2 


2 


20 




6 


9.38670 




9.39999 




0.60001 


9.98 671 








27.0 


36 


6 


36 




7 


9.38731 




9.40053 




0.69948 






53 




32.4 


31 




31 


2 




9.38771 




9.40106 




0.59 8W, 


9!9B665 




52 


7 


37.8 


37 


1 


36 






9.38831 




9.40159 




0.69841 


9.98 663 




01 




43.2 


4: 








10 


9.38 871 




9.40213 




0.69788 


9.98 659 




60 






47./ 


4615 1 


11 


9.38931 




9.40 ati6 




0.59734 


9.98 606 




49 


1 




9.38 971 




9.40 319 




0.59 681 






48 




SI 


60 


40 


13 


9.39021 




9.40373 




0.H9628 






47 










14 


9.S9071 


M 


9.40^6 




0.59 576 


9^98 646 






3 


10.2 


10.0 
15.0 
20.0 




IS 


9.39121 




9.40 478 




9.98643 




45 


4 


20!4 


loie 




e.39170 




9.40 531 




0.59469 


9.98 640 




44 




17 


9.39220 




9.40 584 


fi 


0.59 416 










aoio 






18 


0.39 270 




9.40636 


0-59 364 






43 










19 


9.39319 


m 


9.40689 




0.59 311 






41 


8 


40!8 


4o!o 


39!2 


30 




9.40742 






9.98 637 




40 


9 


45.9 


45.0 


44.1 


21 


9.39418 




9.40795 




0.59205 


9.98 633 






1 


23 


9.39467 




9.40847 




0.59153 








__ . .._ 1 


33 


9.39611 


40 


9.40900 






9^98 617 




37 




48 


1 


7 




9.39666 




9.40953 




0'69048 


9.98 614 




30 


3 


.9.6 






25 


9.39615 




9.41005 




0.59995 


9.98 610 




35 


3 










9.39 664 




9.41057 




0.58 943 


9.98 607 




34 






18 




27 


9.39713 




9.4110!) 




0.58 891 


9.!)8 604 




33 


6 


24.0 








9.39 162 


48 


9.41 161 




0.58 839 


9.98 601 










21 


3 




9.39 811 


49 


9.41214 




0.58 786 


9.98697 




31 


7 


33!6 




9 


30 


9.39860 


9.41366 




0.58734 


9.98694 




30 


8 


38.4 


37 


6 


31 


9.39 909 




9.41 318 


62 


0.5H682 


9.98591 




29 


9 


42., 1 


32 


9.39 968 




9.41370 


0.68 630 


9.98688 




28 






9.40006 




9.41432 




0,58 578 


9.98684 




»r 




a. 


9.40065 




9 41474 




0.58 526 


9.98581 




26 








35 


9.40103 




9.41 626 




0.58474 


9.98678 




as 






o!9 


36 


9.40162 




9.41678 




0.58422 


9.98574 




24 


5 
6 
7 




37 


9,40 300 




9.41629 




0.58 371 


9.98571 




33 


sio 




38 


9.40249 




9.41681 




0.58 319 


9.98568 








31) 


9.40 397 




9.41 733 




0.08 367 


9.98665 




21 




40 


9.40 316 




9.41 784 


^ 




9.98661 




20 




a!2 


34 




9.40394 




9.41836 


0.68164 


9.98 668 




19 




.1.6 


a.7 


42 


9.40442 




9.41887 




0.58113 


9.98 555 




18 




43 


9.40490 




9.41939 




0.53061 


9.98 551 
9^98 548 




17 






9,40538 


48 


9.41990 




0.58 010 




16 




45 


9,40686 


9.43041 




0.57969 


9.98545 




16 


From till} lop: 


46 


9,40 GM 


9.42093 




0.67 907 


9.98641 








47 


9.40682 




9.42144 




0.5TB56 


9.98538 






For li"-!- or 194"+, 


48 


9.40730 


48 


9.42195 




0.67 805 


9.98535 






read as printed ; lor 
104°+ or 384'+, read 


49 


9.40778 


9.43246 


£1 


0.57754 


9.98531 


3 


11 


60 


9.40 825 




9.42 39T 




0.57 703 


9.98628 




10 


eo-lvmetioQ. 


51 


0.40 873 




9.42^8 




0.57 652 


9.98 525 






53 


9.40 921 
9.40968 


47 


9.42 399 
9.42450 


61 


0.57 601 


9.98631 
9.98518 


t 


^ 


From the bottom : 


64 


9.41016 




9.42501 




o!67 499 


9.98 515 








56 


9.41 OBS 




9.43833 




0.67 448 


9.98611 




6 


For 76»+ or 26S°+, 


5fl 


9.41111 




9.43603 




0.57 397 


9.98508 






read as printed; foe 


W 


9.41 158 




9.42653 




0.67 847 


9.98 605 




3 


165°+ or 345°+, read 




9.41206 




9.43 70i 




0.5T296 


9.98501 










9.41253 


48 


9.42 756 


60 


0.57 346 
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9,41300 


9.42805 


0-57196 


9.98494 
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~o" 


y.4I300 




9.43 805 




0.67 193 


9.98494 




60 






9.41347 




9.43856 




0,57 144 


9.98491 










9.41 3M 




9,43906 




0,57 OM 


9.98 488 




58 








99 




9.41441 




9,42 957 




0.67 043 


9.98 484 




57 




10,3 


10,0 


9.8 { 


4 


9-41488 




9.43007 




0.S6 993 


9.98481 




66 


3 




15,0 






5 


9.41635 




9.43057 




0.66943 


9.98 477 




6S 


4 


3o!4 










9.41583 




9.43198 




0,56 892 


9.98 474 




34 


5 


25,5 


25.0 


24 


5 








9.43158 




0.66842 


9.98471 




53 




30.G 


30,0 






8 


9^41676 




9,43 208 




0,56 792 


9.98 467 




,^2 




35.7 


35.0 


3i 


3 


9 


9.41723 


48 


9.43 268 




0,66742 


9.93 464 








40.8 


40,0 
46.0 






10 


9.41768 


9.43 308 




0.56693 


9.98 460 




30 


9 


45.9 


441 1 


11 


9.41815 




9.43358 




0.56642 


9.93 457 




49 


1 


12 


9.41 afil 




9.43403 




0.54} 592 


9.i)3 453 








48 


47 


46 


13 


S.41908 




9.43458 




0.66 542 


9.98 450 
















9.419^ 




9.43508 




0.56493 


9.98 447 




40 


3 




9.4 
14.1 


9.2 
13,8 
184 


19 


9,42001 




9.43658 




0.56 442 


9.93443 




49 




19^2 


le 


9.42047 




9,43 607 




0.66 393 


9.98 440 






H 






33.0 


17 


9.43093 




9.43 657 




0,56 343 


9.98 436 










18 


9.42140 




9,43 707 




0.5629:! 


9-98433 




43 












9.43186 


M 


9.43756 




0.56344 


9.98429 




41 


s 


38!4 


37 !s 


36:8 


20 


9.43 332 


9.43 806 




0,56 m 


9.98 426 




40 


9 


43.2 


42.3 




21 


9,43278 




9.43 S56 




0.66145 










22 


9,42 324 




9,43905 




0.56095 


9.98419 










9.43870 




9.43 954 




0.66046 


9,98416 




37 








24 


9,42 41B 




9.44004 


49 


0,56 996 


9,98 412 








0.0 




26 


9,42461 




9.44053 


0.56 M7 


9.98 409 




35 




13.5 


1 


2 




9,42607 




9.41 103 




0.55 898 






31 










27 


9.42 653 




9.44151 




0.55 849 


9:98402 




33 


6 


23.S 








9,42 699 




9.44 201 




0.56 799 


0.98 393 




32 


6 


27,0 


2 


4 


29 


9.43644 


« 


9.44250 




0.65 750 


9.98396 




31 


7 


31.5 


30 




30 


9.43690 


9.44 299 




0.55 701 


9.98391 




30 




36.0 


3 


3 


31 






9.44 .S48 




0.55 652 


9.98 368 




29 








32 


9^42 781 




9.44 397 




0.56 603 


0.93384 






1 


34 


9:43 873 


fs 


9.44 446 
9.44 4ft5 


Z 


0.65 55i 
0,55 505 


9.98 381 
9.98377 




27 
26 




4 


3 


3S 


9,42 917 




9.44 S 44 


0,56 456 


9.98 373 




25 












36 


9.429(13 




9,44592 




0.55 408 


9,98 370 
















37 


9.43 0H8 




9.44641 




O.M3fl9 


9,98366 








i 











9.43063 




9.44 690 




0.55310 


9.98363 




22 


6 








9,43098 


s 


9.44 738 




0,65262 


9.98 359 




31 








40 


9.43143 


9,44 787 




0.55 213 


9.98 366 




20 


8 










41 


9.43188 




9.44 836 




0.55164 


9,98352 




19 













43 


9.43 333 




9.44 884 




0.55116 


9,98349 




18 




43 


9.43 378 








0,65067 


9,98 345 




17 




44 


9.43 323 


« 


a44 981 




0.66019 


9.98312 








46 


9.43367 


9.45029 


49 


0.54 971 


9,98 338 
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4fi 


9.43412 




ft-45078 


0,54 922 


9.98 334 




14 




47 


9.43457 




9,45 126 




0.54 874 


9.98 331 
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For 15"+ or IBS""!-, 




9.43 502 


« 


9.45174 




0.54 826 


9.!)8 327 




12 


read as printed ; for 


49 


9,43 546 


9,46322 




0,64 778 


9.98 324 






lOS"-!- or 286°+, read 


60 

SI 


9.43 H91 
9.43635 


a 


9.45 271 

9.46 319 


48 


0.64729 
0.54681 


9.98 320 
9,98 317 




10 








9.43 680 








0.54633 


9.98313 




8 






9.48734 




9145 415 




0.64 685 


9.98309 




7 


From the bottom : 


6* 


9.43 769 




9.45 463 




0.54537 


9.98306 








65 


9.43813 




9.45 611 




0-54489 


9.98 303 




S 


For 74"+ or 854°+, 


6S 


9.43 857 




9.45 559 




0.54441 


9.98 299 




4 


read as printed ; lor 




U.43 901 




9.45606 




0.54394 








IGi^+or 344°+, read 




9.43 946 




9.46654 




0.54346 


9,98 391 










9.43 990 


t 


9.45 702 


iB 


0.54298 


9,98388 




1 


co-function. 


60 


944034 


9,45750 


0.64 3.™ 


9,98 384 
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9.44034 
1».44 078 


44 


9.45 750 
9.45 797 


47 


0,54250 
0.54203 


9.98 384 
9.98 281 




60 






9,4* 122 




9.45 846 




0.64155 














5b 




9.U166 








0,54108 


9>J8273 




57 


2 


9.6 


9.4 






9.44210 




9.45940 




0.54060 


9.98270 






3 






14.1 


13 




s 


9.44 253 




9.45 987 




0,64013 


9.98266 




SS 










16 


4 




9.44297 




9.46035 




0,53 9(i5 


9,98262 




54 


6 


2^ 





23,6 


23 




7 


9.44841 




9.46 082 




0,63918 


9.98259 




53 




28 




28,3 


27 






9.44385 




9,46130 




0,53 870 


9,98 356 






7 


33 


6 


32,9 


32 


2 




9.44428 




9.40 177 




0,83 833 


9.S8 251 




81 








37,6 


36 




10 


9.44472 


44 


9^40 234 


47 


0,63776 






SO 


9 


43.2 


42,3 


41 


4 




9.44616 




9.4(i371 




0.63 739 


9^98 244 








12 


9.44 669 




9.40 319 




0.63681 


9,98240 




48 




4S 


a 


43 


13 


9.44 602 




9.46 366 




0.63634 


9,98 337 




47 








8" ' 




9.44 6*6 


H 


9.40 413 




0.63687 


9.98233 








13!5 


13.2 


15 




15 


9.44 689 


9.46400 


47 


0,53640 


9,98 329 




49 






16 


9.44 733 




0.63493 


9,98 236 




44 












17 


9.44 776 




9.46 654 




0.53446 


9,98 222 




43 












18 


9.44819 




9,46601 


% 


0.53399 


9,98218 




42 


7 


31 !s 


so!8 


3C 




19 


9.44 862 




9,46 648 


0.53353 


9,98215 






8 


36.0 


35.3 


34 




30 


9.44 906 




9.46 694 


0.53306 


9,98211 




40 


9 


40J( 


39.6 






21 


9.44946 
9.44992 


« 


9,46 741 
9,46783 


% 


0.53259 
0.53212 


9,98207 
9.98204 




39 






9.46035 




9,46836 




0.53165 


9,98200 




St 






41 


24 


9.45 077 


« 


9,46 881 




0.53119 


9.98196 






3 


6.4 




SS 


9.46130 


9.46 928 




0.63072 


9.98192 




86 




13.6 


13.3 




9.45 163 




9.40iI7fl 




0.53025 


9.98189 




34 


4 


16.8 


16.4 


27 


9.45 208 




9,47 021 




0.52 979 


9.98185 




33 


5 


21.0 


20.5 


2S 


9.45 241) 




9.47 008 




0,52933 


9.98 181 




33 


6 


25.2 


24.6 


29 


9.45 292 




9.47 114 




0,53886 


9.98177 




31 


7 


29.4 


28.T 


30 


9.45 334 




9.47100 




0.62 840 


9.98174 




30 


9 




36!9 


31 


9.45 377 




9.47 207 




0.52793 


9.98 170 




29 






9.45 419 








0.52 747 








1 




9.45462 




9:47 21K) 




0.52701 


a93162 
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3 


34 


9.46604 




9.47 346 




0,62654 


9.98169 
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9.45 541 
9,45 589 


42 


9,47 3!i2 
9.47 438 


4^ 


0.52608 
0.52 603 


9.98 IM 




as 
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) 


37 


9.46633 




9.47484 




0.62516 


9198 147 








4 








9.45 674 




9,47 630 




0.52470 


9.98144 




23 
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9.46 T16 




9,4TB76 


t 


0.52424 


9.98 140 




21 


2 




40 


9.45 758 


t 


9.47 022 


0.52378 


9.98 138 




20 


8 j 


2 


2 






9.46 801 


9.47 068 




0.62332 


9.98133 




19 




6 


2 


■ 


42 


9.45813 


9,47 714 




0.52 386 


9.98 129 




18 




43 


9.45 886 
0.45 937 


t 


9,47760 
9,47 806 


46 


0.52240 
0.52194 


9.98126 
9.98121 




17 
16 




4S 


9.45969 










9.98 117 
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From the top : 


40 


9.46011 




9^47 897 




0^52 103 


9.98 113 




14 




47 


9.46 0d3 




9,47 943 




0.52057 


9.98110 




13 


For 16'+ or 196°+, 




9.46095 




9.47 989 




0,63011 


9.98 106 




13 


read as printed; for 


4i> 


9.46136 


42 


9.48035 


4B 


0,51966 


9.98102 






106"+ or 286''+, read 


60 


9.40178 




9.48080 


4e 


0,61920 


9.98 098 




10 


co-fanction. 


HI 


9.46320 


m 


9.48126 


0.61874 


9.98094 




9 




52 


9.46 262 


9.48 171 




0,51 829 


9.98 090 










9.40 303 


t 


9.48 217 




0,51 783 


9.98 087 
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From the bottom : 


C4 


9,46345 


9.48 302 


45 


0.51738 


0.98 083 




6 


For 73"+ or 363<'+, 


66 
6(i 


9.40 380 
9.46 428 


43 


9.48 30T 


4fl 


0.51693 
0.516*7 


9.98 079 
9.08 076 




S 

4 


read as printed ; for 


57 


9.46 409 


42 


9148 398 


t 


0.51 002 


9.98071 




3 


163'+ or 343"+, reiid 




9.40 511 


9.48 443 




9.98 067 






co-fun otion. 




9.46 552 




9.48489 




0.51811 


9.98063 








eo 


9,46 594 




9,48,^34 




0.51466 


9.98060 
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!>.46.'594 
9.4B(i35 


u 


9^48579 


45 


ok 431 


9^98 036 




60 




3 


9.4Sfi7fi 




9.48 B24 




0.51376 


9.98 053 








»3 








9.4B717 




9.48669 




0.51331 


9.98048 




57 


2 


9.0 


88 


8.6 




9,46 768 




9,48714 




0.S1336 


9.98 044 




66 


3 


13.5 


13 


3 


12.9 


s 


9.46 SOO 




9.48759 




0.61 241 


9.i)8 040 
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4 


18.0 


17 


6 


17.2 




9,46 S41 




9.48 8M 




0.51 196 


9,98036 
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23.5 







21 Ji 


7 


9,46383 




9.48^9 




0.51 151 


9.98033 




53 




27.0 


26 






H 






9.48 8M 




0.51 106 


9.98029 




53 


7 


31,5 


30 


8 


30.1 


9 


9^46 Bti4 








0.51061 


9.98035 








36.0 


31 


2 


34.4 


10 


9.«005 




9.48 984 




0.51016 


9.98031 




60 












9.47 045 




9.49030 




0.50 071 


9.98 017 




40 


t 


13 






9.49 073 




0.50037 


9.98 013 




48 




42 


41 


40 


13 


9.47127 




S.49118 






9.98 009 
















9.4T 1B8 




9.49163 




0,60837 


9.98005 




46 






12:1 


12!o 


16 


9.47 209 




9.49307 




0.60793 


9.98001 




49 






Ifi 


9.47 249 






44 


0.50 748 


0.07 997 




44 










IT 


9.47 290 
9.47330 


40 


9.49 396 
9.49 341 


0.50 704 
0.50 650 


9.97 993 
0,07 039 




43 
43 


e 


35]2 


34!6 


34^0 


19 


9.47 371 




9.49 335 




0.60 615 


9.97 986 




41 








32^0 


20 


9,47 411 




9.49430 


Z 


0.50 570 


0.07 082 




40 




37^8 




36.0 


21 


9.47 452 




9.40474 


0.50 526 


9.97 978 






[ 


23 


9.47493 




9.40 519 




0.60 481 


0.07 974 






_, . 1 




9.47533 




9.40563 




0.60437 


9.97 970 












34 


0.47 573 




9.40607 




0.50 393 


9.97966 
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26 


9.47 613 




9.49 653 




0JS0 348 


9.97 962 




35 


3 


11,7 






0.47 6M 




9.49696 




0.50 304 


0.07 958 








15,6 


3.0 


37 


0.47 694 




9.49740 




0.50 260 


9.97 954 








19.5 


2.5 


2a 


.9.47734 


« 


9.49784 




0.50 216 


0.07 950 






6 


23.4 


3.0 




9.47 774 




0,49 828 




ojtom 


9.97 M6 




31 


7 




3.6 


30 


9,*7 814 




9.49872 




0.60138 


9.07 942 




30 




31.3 


4.0 


31 


9.47 8i54 




9.49 916 




0.60 084 








9 


36.1 


4.5 


33 


9.47 894 




9.49 960 




0,50 040 


9!97 934 






1 




9.47 934 




9.60 004 




0,49996 


0.97 930 








3 


34 


9.47 974 




0.50 048 


« 


0.49 962 


9.97 926 








„% 
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35 


9-48 014 




9.60092 


0,49908 


0.07 932 
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9.48054 




9.S0136 




0.49864 


9.97 918 
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37 


9.48094 


40 


9.50180 




0.49 820 


0,97 914 














9.48 133 




0,50233 




0.49 777 


9.07 910 




22 












9.48173 




9,50267 




0.49 733 


9.07 906 












40 
41 


9,48313 
9.48 253 


Z 


9,60 311 
9.50355 


t 


0.49 fi89 
0.49645 


0.OT9O3 
9.97 898 




20 


I 


3^2 


2 


I 
7 




9.48 393 




9.50308 




0,49 603 


9.97 8M 




18 




43 


9.48333 




9.60443 




0.49 668 


9.97 890 




17 




44 


9.48 3T1 




9.S0486 




0.49515 


9.97 886 




16 




4S 


9.48411 




9.50539 


« 


0.49471 


9.97 882 




15 


From the top : 




9.48 460 




9.50573 


0,49 428 


9.97 878 




14 




47 


9.48490 




9,50616 




0.49384 


9.97874 




13 


For 17°+ or X07'+, 


48 


9.48 520 




&.50e69 




0.49341 


0.97 870 




13 


read as printed ; for 
107''+or287°+,ceaJ 


49 


948 568 


11 


9.50 703 


43 


0.49307 


9.97 866 




11 


60 

SI 

52 


9,48607 
9]48686 


z 


9.50 746 
9.50 789 
9.60 833 


44 


0.49264 
0.49211 


9.97 861 
9.97 857 
9.97 853 




10 

9 


co-function. 


53 


9.48725 




9.60 876 




0^49 124 


».»r849 






From the bottom : 


M 


0.48764 




9J50919 




0.49 081 


9.97 845 




6 




69 


9,48 803 








0.49038 


9.97841 




6 


For 73°+ or 252''+, 




0,43 842 




e!51006 




0.48 9«J 


9.97 837 




4 


read aa printed ; for 


57 


9.48 881 




9J>1048 


44 


0.48 953 


9.97 833 




3 


162°+or 343°+, read 


B8 


9.48 920 




9.B1093 


0.48908 


9.97 829 




3 


oo-fuDction. 


59 


9,48 959 




9.51 135 




0.48 865 






1 


«2. 


9.48 ii!lS 




9.61 178 




0.48 322 


9.97 831 




_0_ 






LCoa 


T" 


LCtn 


7d 


LTau 


LSin 


d 


J- 


Prop. Pta. 
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54 


18 


- 


Logarit 


Lm 


s of Ti-igonoineti 


ic 


Functions 






[III 




I, Sin 


~d~ 


LTan 


7d 


ICtn 


LCos 


_d_ 




Prop, Pta. 


~0 


9,48 998 




9,51178 




0,48 823 


9,07 821 




60" 






9.49 OST 










9.97 817 




59 






0,49076 




a51264 




o!48736 












9,49115 




9,51306 




0,48 6M 


9.97 808 




57 




4 


9.49153 




9,51 349 




U.48691 


9.97 804 




56 




5 


9,49192 




9,51392 




0.48 608 


9.97 800 




SB 




43 


43 


41 


6 


9,49 2ai 




9,51439 




0.48 565 


9.97 796 






2 


8,6 








9,49269 




9,51478 




0.48 633 


9.97 793 




53 


3 


12,9 


12^6 


12 !3 




9,49308 




9.51520 




0.48480 


9.97 788 




52 




17,2 




8 


16,4 


a 


9,49347 




9,51563 


« 


0,48 437 


9.97 784 




61 




21,5 


31 





30.5 


10 






9.91606 


0,48 394 


9.97 779 




SO 


6 


35.8 


35 


2 






9!49424 




9.51648 




0.48 353 


9.97 T75 




49 


7 


30,1 




4 


38^7 


13 


9.49462 




B.91691 




0,48 309 


9,97 771 




48 




34,4 


33 




32.8 


13 


9,49500 




9.51 734 




0.48 266 


0,97767 




47 


9 




37 




36.9 




9.49 S39 




9.61776 


43 


0,48 324 


9,97 763 




46 




IS 


9,49577 




9,61 819 


0,48181 


9.97 759 




46 






9.49 6IB 




9.51861 




0,48139 


9.OT 754 




44 




89 


38 


37 




9,49664 




9.61903 




0,48097 


9,07 760 




43 










18 


9,49692 




9.51 M6 




0,48054 


9,97 746 






3 










7.4 


19 


9,49730 




9.51088 


43 


0,48 012 


9,97 742 




41 




11 
15 




11 
U 


4 




20 




33 


9.52031 


0,47 969 


9.97 738 




40 












9.49806 


9,63073 




0,47 92T 


9.97 734 


















22 


9,49844 




9.52115 




0.47 885 


9.97 729 






7 


31 




% 






■23 


9,49383 




9.52197 




0,47 843 


9.07 725 












94 


9,49920 




9,62200 


^ 


0,47 800 


9.97 721 






9 










SS 


9,49958 




9,52342 


0.47 758 


0,97 717 


3S 






9,49996 




9,63 384 




0.47 716 


9.97 713 




34 




ST 


9,50 034 




9,53 326 




0,47 674 


9.97 708 










9.50 0T2 




9.52 368 




0,47 633 


0.97 704 




32 








* 




9.60119 




9.52410 


« 


0.47 590 


9.97700 




81 


2 


7.2 


1,0 


08 


30 


9.50148 




9.62463 


0.47 MS 


9,97 698 




SO 


3 


10 








1 






9.50185 




9.52 494 


0,47 606 


9.97691 






4 


14 













32 


9.S0223 




9.52 53S 




0.47 464 


9,97 687 






9 


18 








3 






9.60261 




9.52 678 




0,47 422 


9,97683 






6 


31 









2 


4 


34 


9,50298 


37 
38 


9.52 620 




0,47 380 


9.97 679 




S6 


7 


3 


3 




5 


i 




35 


9,60336 


9.92 661 




0.47 339 


9.97 674 




2S 


S 












36 


9.60374 


9.52703 




0.47 297 


9.97 670 




34 






3T 


9,50411 




9.62749 


« 


0.47255 


9,97 666 




28 






9,50449 




9.52 787 


0,47 213 


9.97 662 




23 




39 


9,50486 


% 


9.53829 




0,47 171 


9.97 697 




21 




40 


9.60623 


9.62 870 




0.47 130 


9:97653 




20 




41 


9.50561 




9.52 912 




0.47 088 


9.97 640 








43 


9.60 598 




9.93 993 




0.47 047 


9.97 646 




18 


From the top: 


43 


9, SO 6:JS 




9.52 9% 




0.47 005 


9.97 640 




17 






9.50673 




9.53037 




0.46 963 


9,07 636 




16 


Foe 18°+ or 198°+, 


45 


9,50 710 




9.53 078 




0,46 032 






IS 


read aa pvinted ; for 


46 


9.60 747 




9.S3J20 




0,46 880 








108°+ or 388°+, reaa 




H,B0784 




9.53161 




0,46 839 


9,97 623 






co-fuuttion. 




9.50821 




9.53 202 




0,46 798 


0,97 619 




12 


49 


9.90 858 




9.9S244 




0,46 756 


9,97615 




11 




50 


9-50 896 


38 


9.63385 


i 


0,46715 


9,97610 




ID 


From the lottom: 


63 


9.90 933 
9.50970 


M 


9.53 327 
9.93368 


0,46673 
0.46633 


9,97606 
9,97 602 




9 
8 


For 71"+ or 351"+, 


33 


9.61007 




9.63409 




0,46591 


9.97 597 




7 


read as pnnted; for 


54 


9.51043 




9Ji3450 




0,16 660 


9.97 693 






161°+ or 341°+, read 


9S 


9.51 080 


« 


0.53493 




0,'4a508 






s 


co-function. 


5B 


9,51 117 


9.53 533 




0.46 467 






4 




1 


9,51 154 
9,61 191 
9.51 22T 


% 


9,63674 
9.63615 
9,53656 


" 


0,46426 
0,46385 
0,46344 


9.97 580 
9.97676 
9,97 571 


6 


3 
2 




60 


9.61264 




9,53697 




0,46 303 


9,97 567 











LCos 


'T 


LCtn 


cd LTan 


LSin 


T 




Prop. Pta. 
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HI] 


19 


- 


Logarithms of Ti-igonometric Functions 






05 




LSiu 


d 


ITan 


cd 


LCtn 


LCos 


± 




Prop, Pts. 


~T^ 


9.51 264 








0.46 303 


9,97 5i;7 




60 






9.51 301 


§7 


y!63 73S 




0,46 2li2 


0,07 663 




39 




2 


9.B1338 


9,63779 




0,46 231 


9,97 558 










9.51 374 




9,63820 




0.40180 






57 






9.51 411 


% 


9.53 861 




0.46139 


9197 650 




66 




5 


9.61447 


9.63902 




0.46098 


9,97 645 




56 




41 


40 


39 




a.BU84 


i 


9.63943 




0.46 057 


9,97 641 






2 


8.3 


8,0 


7.8 




9.51620 


9,53 984 




0.46 016 








3 


12.3 


12,0 


11.7 




9.51557 


9.54026 




0.46 975 


9,07 533 




63 




16.4 


16.8 






9.51693 




9.64 065 




0.45 935 


9,97538 








20.6 


20,0 


I9I5 


10 


9.51 620 
9.51666 


37 


9.54106 
9.64147 


41 


0.45 894 
0.45 853 


9,97533 
9,!>7 519 




60 

49 


7 


34,6 
28,7 


24.0 
28,0 


33,4 
37.3 


13 


9.61702 




9.54 187 


40 


0,4,1 813 


9,97 615 




48 




33,8 




31,3 


13 


9.51 738 




9.H:238 




0,45 772 


9,97 SIO 




47 




36,9 


selo 


36,1 


14 


9.51 774 




9,54269 


40 


0,45 731 


9,07506 






1 


15 


9.51811 




9.54309 




9.07 EOl 




4S 


1 


Iti 


9.51 847 




9.54 350 




0^45 650 


9,97 497 




44 




37 


36 


36 




9.51883 




9.54 390 




0,45 610 


9,97492 














18 


9.51919 




0.64 431 




0,45 569 


0.07488 




42 


2 


7,4 


7" 




7,0 


19 


9.51955 








45 529 


9.97 484 




41 


3 


11,1 


K 


4 


10,5 


20 


9.51091 




0.54 513 




0,45438 


0.07 479 




40 






Is 




21 






9,54 553 




0.45 418 


9.97 475 
















9.53063 




0Ji4 593 




0.45 407 


0.07 470 








2916 


2,' 
38 




3415 


23 


0.53099 








0.45 367 


9.97466 










24 


9.52135 




9154 673 




0.45 327 


9.97 461 









i 


Rj'r 


26 


-9.52 171 




9.5*714 




0.46 286 


9.97 457 


3G 




20 


9.52 307 




9.54 7M 




0.45 246 


9.97 453 




34 






9.52 242 




0.54 794 




0.46 306 


0.97448 




33 






9.53 378 


36 


9.M835 




0,45 165 










S4 




■* 


29 


9.52314 




9.64 875 


40 


0,4,1135 


0107 439 




31 






1,0 


08 1 


30 


9.63 350 




9.54916 


0.45085 


9.97435 




30 




I0I2 


1.5 


1 




31 


9.62 336 




9,64 956 




0,45 046 


9.07 430 




29 


4 


13,6 


2,0 




6 


33 


9.52 421 




9.M995 




0.46 005 


9,97 436 








17.0 


3,5 







33 


9.52456 




9.56 035 




0.44965 


■9,97 431 




27 


6 


20,4 


3.0 








0.63 492 




9,55 075 




0.44 925 


9.97 417 






1 


33.f 


3,6 


a 




36 






9,55115 




0.44 885 


9,97412 




25 




30l6 


4,0 

4,5 




3 


30 


9!63563 


M 


9,55155 




0,44 846 


9,97403 




34 




3o 1 


37 


9.53 598 


9.55105 




0,44 806 


9,97403 








38 


9.53634 




9.65 335 




0.44 765 


9,97 300 




22 








38 
36 


9.56 275 




0.44 725 


0,97 394 




21 




40 


9.53 7(» 


9.56 315 




0.44 686 


9.97 390 




20 




41 


9.53740 


9.56 365 






9.97 385 




19 




43 


9,63776 




9.65 396 




0^44 606 


9.97 331 






From the top : 




9.52 811 




9,554^ 




0.44 566 


9.07 376 




17 




44 


9.523*6 




9.56474 




0.44 636 


9.97 373 




16 


For 19"+ or 199"+, 


45 


9.52 881 




9,55 514 




0.44486 


9.97 367 




16 


read as printad ; for 




9.52916 




9,55554 




0,44446 


9.97 363 






109°+ or 289°+, read 


47 
48 


9.S2961 


3C 


9JS5593 
0.B6633 


40 


0,44407 
0,44 367 


9.iff ,558 
9.97353 




13 
12 


co-function. 


49 


9;53031 




9,55673 




0.44 827 


9.07 349 




11 




50 


9.63066 


35 


9,65 713 


39 


0,44 288 


9,97 344 




10 


From the bottom .■ 


51 
52 


■ 9/3 093 
9.53126 


M 


9,55762 
9,56701 


39 


0.44 248 
0.44 200 


9.07 340 
9.97 335 




i 


For 70"+ or 260°+, 


93 


9.63181 




9,5'5 831 




0,44169 


9,97 331 




7 


read as printed ; for 




9.63196 




9,65870 




0,44130 


9,97 336 




6 


180°+ or SW+p read 


55 


9.63331 




9.55910 




0.44000 


9,97 332 




5 


eo-f unction. 


56 


9,53266 


36 


9.55949 




0.44051 


9.97317 




4 




57 


9.63301 


9,55989 




0,44011 


9,97 312 




3 






9.53336 




9.66 028 




0.43973 


9,97.308 




3 








35 


9,56067 


!o 


0,43 933 


9,97 303 








60 


9.53405 


9,56107 















LCoa 


X 


ICtn 


Vi 


ITan 


LSin 




' 


Prop. Pts. 
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66 


20= 


— Logarithms of Trigonometric Functions 




tin 


~r 


LSm 


d 


LTaa 


cd 


LOCn 


LC03 


d 




Prop. Pt8. 





U.S3 405 




9,56 107 




0.43 893 


9.97 293 




60 






9.53440 










43 864 


9.97 294- 




39 




2 


9.53475 




9:S6 185 






43815 


9.97 289 




58 






9.53 E09 




9.66224 







43 776 


9.97286 




57 






9.53514 




9.66264 







43738 


9.97280 




66 




S 


9.53 678 




9.56303 







43697 


9.97 376 




66 




4D 


39 


38 




9,53 613 




9.66342 






43658 


9.97271 






3 








T 


9,63647 




9.56381 







13 619 


9.97 366 




53 


3 


12.0 


11^7 


11-4 




9.63683 




9.66420 









9.97262 




52 


f 


16.0 


15.6 


15.2 


9 


9.53 716 




9.56459 







13541 


9,97 257 




51 




20.0 


19.6- 


19,0 


ID 


9.53761 




9.564,98 







43503 


9.97*3 




SO 


6 


34.0 


J3.4 


32.8 


11 


9.63785 




9.66637 







43 463 


9.97 248 




49 


7 


28.0 


27.3 


26.6 


12 


9.53 819 




9,56676 







43424 


9.97 243 




48 


8 


32.0 


31.3 30.4 1 


13 


9,53 8M 




9.56 616 







43 386 


9.97 238 




47 


9 


36.0 


35,1 34.3 




9.53 888 


M 


9.66654 


1^ 





43 346 


9.9T234 




40 


1 


19 


9.53922 


9.56693 





43307 


9.97 229 




46 


1 


16 


9.53 957 




9.56 732 







43268 


9.91324 








87 


35 


34 


17 


9.53991 




9.56771 







43229 


9.97 220 












6,8 


18 


9.54025 




9.66 810 






43190 


9.97315 






2 


7, J 


io!6 

14.0 
17.5 




9.54 059 




9.66849 


M 





43151 


9.97 310 




41 


5 




20 


9.54093 


S4 


9,66 887 





43113 


9.97206 




40 


18^5 


17 !o 


31 


9.54137 


9.56 928 







43 074 


9.97 201. 




39 






21.0 






9.54161 


li 


9.66 9(i5 






43 036 


9.97196 












2.1! 8 


23 


9.54195 


9.57 OM 


^ 




42996 


9.97192 










28^0 


27.2 


24 


9.54229 




9.57 1M2 







9.97187 




36 




3S:3 


31.5 


30.6 


36 


9.54263 




9.57081 







42 919 


9.97 182 




3S 




2li 


9.54 29T 




9.57.120 




( 


42 880 


9.97 178 




31 




27 


9.64 ssr 




9.S7 158 






42842 


9.97 178 




33 




29 


9.54366 
9,54 399 


M 


9.57 197 
9.67 235 


3S 


fl 


43803 
42766 


9.97168 
9.97163 




38 
31 


3 


■ 


1,0 


0.8 


3D 






9.67 2T4 




( 


42 736 


9.97159 




80 


3 




1 


5 


1:3 


31 


9,54466 




9.67 313 






42688 


9.97154 




39 




13.2 


2 





1.6 




9.54500 




9.57 351 




c 


43649 


9.97 149 






6 




S 




3.0 




9.54534 




9.57 389 







42 611 


9.97 349 




27 




in .8 








34 


9.54.667 




9.57 43S 







42572 


9.97140 








23.1 


i 


5 




3fi 


9.54 601 


34 


9.67 466 







42634 


9,97135 




25 


9 1 aJ:' 








31) 


9.,'>t6M> 


9.67 504 


11 





42 496 


9.97130 




31 




37 


9.54668 


M 


9.57 543 




42457 


9.97126 










9.64 703 


9.67 581 


11 





42 419 


9.97131 








39 


9.54735 




9.57 619 





42 3S1 


9.97116 








40 


9.64769 




9.57 65B 






43342 


9.97111 




20 




41 


9.64 802 




9.57 696 






43304 


9.97107 




19 






9,64 836 




9.57 7M 




( 


42 266 


9.97102 






Frtym tKs top : 


*3 
44 


9^54 903 


M 


9.57 773 
9.57810 


38 






43328 
42190 


9.97 097 
9.97092 




16 


For 20°+ or 200°+, 


IS 


9.M936 




9J57 849 








9.97 087 




15 


read as printed; for 


46 


9,64969 


M 


9.57 887 




( 


43113 


9.97083 






110°+ or 290,°+, read 


47 


9.55 003 


9.57 935 







42 075 


9.97078 




13 




48 


9Ji5036 




9.5T963 







42037 


9.97 0T3 




12 




49 


9.55069 


33 


9.68 001 


38 





41999 


9.97063 




11 


From the boltum . 


60 


9.55102 




9.58039 







41961 


9.97 063 




10 






9.55136 


9.58 077 


38 





41933 


9.97059 






Fores'^ or 249°+, 


52 
53 


9.55169 
9,55 302 


Si 


9!68 193 


( 


41885 
41847 


9.97 054 
9.97 019 




7 


read as printed ; for 


S4 


9.55 2KS 




9.58191 






41809 


9.97 044 






IBO^+or 3a9'^,rBii(i 


GG 


9.55268 


Z 


9.58229 







41771 


9.97 039 




5 


oo-fnnction. 




9.S8 301 


9.58 267 







41733 


9.97035 




4 






9.56334 




9.68 304 




i 


41696 


M.97 030 








58 


9.5S367 




9.58 342 






41668 


9.97026 




2 




59 


9.55400 




9.58 380 


38 




41620 


9.97020 








60 


9.55 433 




9.58418 





41582 


9.97 016 
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~ 


■1.55 433 




9,58 418 




0.41683 


9,97 015 




60 






9.55 466 




9,63455 




0.41546 


9.97 010 




59 




2 


9.06 4fl9 




9.58 493 


38 


0.41507 


9.97006 










0.5S532 








0,41469 


9.97 001 




57 






9-56 664 




,9.58.569 




0.41431 


9.96996 




66 




S 


9.55 597 


as 


9,68606 


37 


0,41394 


9.96 991 




5S 




SS 


3T 


36 


e 


9.55630 


33 


9,63644 




0.41356 


9.96 986 








76 


7.4 


7.3 




9.55603 


9.58681 




0.41319 


9.96981 




53 




11 


4 


11,1 


10,8 




9.65 em 




9.Ji8 719 




0.41281 


9.96976 




52 


4 


15 


2 


14.8 


14.4 




9.55 T28 




9.58767 




0.4X243 


9.06971 






6 


1! 





18.5 


18,0 


10 


9.55761 




9,58 794 




0.41 206 


9.96966 




SO 


6 




8 


33.3 


21.6 


11 

12 


9,55793 
9,55826 


33 


9.58833 
9.58869 


SS 


0.41168 
0,41 131 


9,96963 
9,96967 




49 
48 


I 


3( 
30 


6 

4 


36,0 
29,6 


25.2 




9.55 858 




9,58 907 




0.41093 


9.96952 






9 


;« 


2 


33.3 


32!4 


14 






9.68^4 




0.41056 


9.96947 






1 


15 


9.55 933 


33 


9J>8 9ai 




0.41019 


9.96942 




46 


1 




9.55 956 


9,59019 




,0,40981 


9,96937 




44 




33 


32 


31 




9.65 988 




9.69056 




0.40944 


9.96933 




43 




9:9 






18 


9.56021 


s 






0.40906 


9,98 927 






I 


]2l4 


19 


9.56 «i3 


9!59131 


S7 


0.40 869 


9,96 933 




41 


13!8 


30 


9.5B085 




9,69168 




0.40832 


9.96917 




40 












9.56118 




9.59206 




0,40705 


9,96913 




39 




0^8 


19^2 






9.56150 




9.59243- 




0.40757 


9.96 907 




38 




3.1 


23.4 


31 J 


23 


9.66133 


33 


9,59280 




0.40720 


9.96903 






8 




25.6 


24.8 


24 


9.511215 


9.59317 




0,40 683 


9.96 898 




36 


9 


29^7 


38.8 


37.9 


26 


9,56 247 




9.69 .■m 




0.40 646 






86 


1 




9.56 279 




9,59391 




0.40 609 


9,96 888 




Si 


1 




9,56311 




9.59439 




0.40 571 


9.96883 








6 ' ' 


28 


9.56 343 




9.59466 




0,40 634 


9.96878 














23 


9,56375 


33 


9.59603 




0.40 497 


9.96 873 






2 


1,2 


1.0 


0,8 


30 


9,56408 


9.59540 




0.40 460 


9.96868 




30 




1,8 


1,5 


1.3 


31 




^ 






0.40 423 


9.96 863 




29 




2,4 


3,0 


1,6 


S2 


9^56 473 


9!59614 




0.40 356 


9.96868' 




38 










33 


9.5fi604 




9.59 651 




0,40 349 


9.06853 












2,4 


M 


9.56 636 








0.40312 


9.96848 




26 




4,2 
4,8 


n 


2,8 
3.3 


33 


9.56 56B 




9.59 725 


Z 


0,40 375 


9.96 843 




26 




3G 


.9,56609 




9.59763 


0.40238 


9.96 838 




24 




37 


9,56631 




9.59799 




0.40 301 


9.96 833 










9.56 663 
9.66695 


32 


9.59830 
9.69872 


37 


0.40165, 
0.40128 


9.96 828 
9.96823 




31 




40 


9,56737 


i 


9.59909 


i 


0.40091 


9.96 818 




20 




42 


9.56759 
9.56 790 


9Ji9 946 
9.59 983 


0,40054 
0,40017 


9.96 813 
9,06 808 




18 


From the lop: 


43 
44 


9.56823 
9.56 864 


11 


9.60019 
9.60056 


37 


0,39981 
0.39944 


9,% 803 
9,96798 




17 
16 


For 21"+ or 801<M-, 


45 


9.56886 




9.60093 


37 


0.39 007 


9.96793 




15 


read as printed ; for 




9,56917 




9.60130 




0,39870 








111°+ or 291°+, read 




9,56 949 




9.60166 




0.39834 






13 




48 


9,56980 


i 


9.60203 




0.39 7S)7 


9,96778 




13 




411 
60 


9.57 012 
9.57044 


9.60 340 
9.60276 


38 
37 


(1.39 760 
0.39 724 


9.06 773 
9.96767 




10 


From the bottom: 




9.57075 




9.60313 


0.39687 


9.96 763 






For 68°+ or 248°+, 




9.57107 




9.60 349 




0.39651 


9.96767 




8 


read as printed ; for 


53 


9.57 138 




9.60386 




0.39614 


9.06 752 




7 


54 


9.57169 




9.60422 




0.39578 


9.9C747 




6 


158''+or33r+,read 


56 


9.57 201 




9.60459 




0.89541 


9.96 742 




S 


co-funetion. 


S6 

57 


9.57333 
9.57 26* 


M 


9.60495 
9.60532 


3? 


0.39505 
0.39 468 


9.96737 
9.96732 




I 




BH 


9,57 295 
9.57 326 


si 

32 


9.60 568 
9.60 605 


37 
36 


0.39432 
0.39395 


9.96727 
9.96722 




2 




60 


9,67 358 




9.60 641 




0,39 359 


9,96717 
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9.57 ass 




9.(i0"l>41 






96 717 


giBO 






9.57 389 










9 


9671! 




59 






9.B7420 




9,60 714 




0.39 386 


i 


9(i706 




68 






9.57451 




9.60 750 




0.39 350 




96 701 










9,07 482 




9.60786 




0.39 314 




96696 




56 




6 


9.57 514 




9.60 833 




0.39177 




96601 




56 




37 


36 


35 


6 


9,67 646 




9.60 859 




0,39141 


i 






5* 


2 








7 


9.57 B76 




9.60 895 




0.39106 


i 


96681 
















8 


0.67 607 




9.60 931 




0.3906.<» 




96676 
















9 


9.67638 




9.60 9frr 




0.39033 




96670 




51 


6 


is'.s 


18^0 


n 




10 


9.67669 




9.6100: 




0.38996 




96665 




GO 


6 




21.6 


21 






9.67 700 




9.61040 








96660 




49 




26!0 


35,3 


■24 


5 


12 


9.6T731 




9.61 076 




o!38 034 


9 


96665 




48 




39.6 









13 


9.67 762 




0.61 113 




0,33 888 


9 


96 650 




47 


9 




32.'4 


3J 






9.57 703 




9.61 148 




0.38852 


9 


96 645 






1 


IS 


9.57 824 


s! 


9.61 184 




0.38 816 




96 640 




4S 


1 


16 


9,57 855 


9.61 220 


la 


0,38 780 




96 634 




44 




32 


31 


30 


17 


9.57 885 




9.61256 


0.38 744 


9 


96630 




43 








6 - ' 


18 


9.57 916 




9.61 292 




0.38 708 


! 


96 624 




42 














9.57 aiT 




9.61338 




0.38 673 




96610 




41 




9.6 


0.3 






20 


9.57 978 


ai 


9.61364 


36 


0.38 6.36 


( 


96614 




40 


4 


13.8 


12,4 


li 


'} 


21 


0.58008 


9.61400 


36 
36 


0.38 600 




96608 




39 












33 


9,58039 




9.R1436 


0.38 564 


9 






38 


7 


23!4 


31 !7 




t 


33 


9.58070 




9.61473 


0.38 538 


( 


96608 




37 




25.6 








2i 


9.58 101 






3fi 


0,38 493 




96 693 




36 


9 








u 


9JS8131 




9.61544 


0.38 458 




96688 




3S 




26 


9.58163 




9.61 578 




0,38 421 


9 


96 583 




34 




27 


0.5S192 




9.61615 




0.38 385 


9 


96577 




33 






9.58223 




9.61661 




0.38 349 


i 


96572 
















0JS8 353 




9.61687 


M 


0,38 313 




96 667 




31 


3 


5.8 


1,2 


1.0 


30 


9.S8284 




9.61723 


0.38278 




96 563 




SO 


3 


8.7 


1.8 


1.5 


31 


9.58314 




9.61758 




0.38 243 


£ 


98556 




39 




11.6 




2.0 


32 


9.68345 




9.61794 




0.38 206 




96 561 










3.0 


2.6 


sa 


9.58 375 




9.61830 




0.38 170 




516 546 




37 


6 


17.4 


3.6 


3.0 


34 


0.68406 




0.61865 




0.33135 


9 


96 541 




26 


7 


30.8 
23.2 


4,3 


3,5 


3S 


9.58436 




0.61901 




0.38 099 




96535 




26 






4^6 


3fi 


0.58467 




9.61936 




0,38064 


E 


il6530 










38 


9.58497 
9.68537 


30 


9-51972 
9,63 008 


36 


0.38028 
0,37 992 




96 526 
96 520 




23 
23 






9.58557 




9.62 043 




0.37957 


E 


96 514 


s 


21 




40 

41 


9.58588 
9.58618 


30 


9.62 079 
9.62 IH 


3S 


0.87 921 
0.37 8S6 


% 


90609 
96504 




SO 

19 






9.68643 




9.63150 




0-37 850 




96498 




18 


From tlie top: 


43 


9.58678 




9.02 185 




0.37 315 




96493 










9.58709 




0,62231 




0.37 779 


9 


96 488 




16 


For ar* or 202°+, 


IB 






9.62256 




0.37 744 


9 


96483 




IS 


read as printed; fot 


m 


9)58 76U 




0,62 393 




0.37 708 




98477 




14 


112<'+or29a''+, read 


47 


9,68799 




9,62 327 




0.37 673 




96473 




13 


co-funetion. 




9.58 829 




9.63 363 




0.37 6S8 


9 


96 467 








40 


0.58 859 




9.62^)98 




0.37802 





96461 








SO 


9158919 


30 


9.62 4.33 

9.63 468 


35 


0.37 5IW 
0.37 533 


1) 


9fi466 
06 451 




10 

9 


From Ihe bottom : 
For 67"+ or 247°+, 




9 58949 




9.H3 504 




0.37 4% 


9 


)6 445 








63 


0.58 979 




9.62 539 




0.31461 


9 


)6 440 




7 


read as printed; for 


IH 




30 
30 


0.63 574 




0.37 426 


9 








lS7=+ov 337°+, read 


69 


9.59039 


0.62 609 


36 


0.37391 


9 


%439 




6 


co-function. 


5fi 


9.59069 


9.62 645 


0,37 M6 


9 


96424 




4 






9.59098 




9.62 680 




0.37330 


9 


96419 




3 






9.60128 




0.62 715 




0.37 285 


9 


96413 




3 




59 


9.59158 


aS 


9.6-2 750 




0.37250 





96408 








_60 


9.59183 


9,62 7N5 




0.37 315 


9 


96 403 
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~0 


0.59188 




9.6;; 785 




0.37 215 


9,98 403 




60 




1 


9.59213 




9.62820 




0.37 180 


9.96 397 




.59 






9.59 347 




9.63866 




0.37 145 












9.59 37! 




9.62 S90 




0.37 110 






57 




4 


9,69307 




9.63936 




0.37 074 


9,96 331 




50 




6 


9.59 336 




9.62 961 




0.37039 


9.96376 




S6 




36 


35 


34 




9,69 366 


m 


9.63 996 




0.37 001 


9.96370 






3 


7.3 


7.0 


6.8 


7 


9.59396 


9.63031 




0.36 9G9 


9.96 366 




63 


3 


10.8 


10.5 


10.2 


8 


9.59 425 




9,63 066 




0.36 934 


9.96 360 




52 




14.4 


14.0 


13.6 


9 


9.59455 




9.63101 


M 


0.36 899 


9.96 354 




61 






17.6 


17.0 


10 


9.59484 




9.63,135 


0.36 866 


9.S6349 




50 




3li6 


31.0 


20.4 




9.59 514 




9.63170 




0.36 830 


9.96 343 






7 


35.2 


24.5 


23.8 


12 


9.59 543 




9.63205 




0.36 795 


9.90 338 




48 




38.8 


38.0 


37.3 


13 


9.59573 




9.63340 




0,36760 


9.96 333 




47 


9 




31.5 


30.6 




9,59603 




9,03376 




0.36 733 


9.96 337 




16 


1 


16 


9.59633 




9.63 310 






9.96 323 




46 


1 


16 


9.69661 


29 


9.61346 




o!36 695 


9.98316 




44 




30 


39 


28 


IT 


9.69690 


9.63379 




0.3*1621 


9.96311 




43 








7~ 


IS 


9.69730 




9.63414 




0.36686 


9.96305 




43 


3 


6.0 


6.8 


6 




19 


9.597^ 


29 


9,63449 




0.36 561 


9.9G300 




41 


3 


9.0 
13.0 


8.7 


11 


t 


30 


9.50778 


9.63484 




0.36 616 


9.96394 




40 






J 


31 


959808 




9.63519 




0.36 431 


9.96389 




39 




IB^O 
31.0 


30.3 




33 


9.90337 




9.63 653 




0.36147 


9.% 281 












9.69866 




9.63588 




0.36 413 


9.96378 










34 






9.63623 




0.36377 


9.96 273 




36 




2r;o 


28!l 


3f 


2 


2S 


9.69924 




9.03657 




0.36 343 


9.96367 




35 




36 


9.59 954 








0.36 308 


9.96362 




34 




37 


9,69983 




9!63726 




0.36274 


9.96 366 




33 






9.60013 




9.63 761 




0.30 339 


9.96 251 














9.60041 




9.63 79S 




O.m'JM 


9.96 316 




31 


2 


i.a 


1.0 


80 


9.60070 




9.63 830 




0.36170 


9.96 240 




30 


3 






ai 


9.60009 




9.63 866 




0.3li 135 


9.96 234 




2il 






2.0 


33 


9.60128 




9-63 899 




0.36 101 








5 


3.0 


3.5 








0.63934 




0.36 0(16 






27 


6 


3.6 


3.0 




9^60 186 


29 


9.63 968 


34 


0.36 032 


0[a6 318 




20 


7 


4.3 


8.6 


3S 


9.60316 


9.64003 


S4 


0.35 997 


9.96212 




25 








30 


9,60344 


9.64037 


0.35 063 


9.06 207 




34 








37 


9.60 273 




9,64 0T2 




0.36 928 


9.96301 




33 




33 


9,60302 




9.64106 




0.35391 


0.96106 




33 






9.60331 




9.64140 


M 


0.35860 


9.% 190 




21 




40 


9.60359 




9.64176 


0.35 839 


9.96186 




so 




41 


9.60388 


29 


9.64 309 




0.35791 


9.96179 








43 


9.60 41T 




9,64243 




0.3d 75T 


9.96174 






From the top .- 


43 


9.60416 




9.64378 




0.39 733 


9.96168 




17 




44 


9Ji04T4 


28 


9.64 312 




0.35088 


9.96162 




16 


For 23=+ oc 303°+, 


49 


9.60503 




9.64 346 




0.35 664 


9.96167 




16 


read aa pciutodi for 




9.60633 




0.61381 




0.35 619 


0.90151 






113°+ or 293°+, lead 


47 


9.60661 


28 


9.64415 


M 


0.35 685 


0.06116 




13 


co-function. 


48 


0.60680 


9.61419 


0.35551 


9.98140 




12 




49 


9.60618 




9.64483 




0.35 617 


0.96135 








50 


9.60616 


29 


0.64 917 


11 


0.35133 


9.96129 




10 


.From the bottom : 


51 


9.60 676 


9.84 553 


0.36 448 


9,96123 






Foe 66°+ or 246°+, 


52 


9.60704 


9.64630 


0.35 414 


9.9S118 








53 


9.60 7.S3 




9.64630 




0.36 380 


9.96 112 




7 


read as printed; for 




9.60761 




9.^664 


It 


0.35346 


9.96107 






156°+ or 836"+, read 


sa 


9.60789 




9.64688 




9,96101 




6 


KO-functioD. 


56 


9.60 818 




9.M722 




0.36 378 


9.96095 








57 


9.60 846 


i§ 


9.64796 




0.35 244 


9.96090 




3 






9.60 876 


9.64790 




0.35 310 


9.96 OBI 








59 


9.60903 




0.61324 


M 


0.35 176 


9.96079 








eo^ 


9,60 931 




9.6*858 


0.35 143 


0.96 073 
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0.28 941 


9.M917 




49 


7 


22.4 


31.7 


21.0 


12 

13 


9.66001 
9.66025 


11 


9.71090 
9.71121 


31 


0.28910 
0.38 879 


9.94 911 
9.04 904 




48 
47 


I 


25.6 


24.8 
37.9 


34.0 
27.0 


14 


9,66 OGO 


25 


9.71153 




0.28 847 


9.94 898 




46 


1 


IB 


9,66079 


9.T1184 




0.38 816 


9.04 891 




4S 


1 


IB 


9.66 099 




9.71 216 




0.28785 


9.94885 




44 




26 


24 


23 


17 


9.06124 




9.71346 




0,28 764 


9.94878 




43 




5.0 




7~ 


18 


9.66148 




9.71377 




0.28 723 


9.94 871 




42 


2 


4.8 


4 




19 


9.66173 


a 


9.71308 




0.38693 


9.94865 




41 


3 

5 


7.6 
10.0 
12.6 


7.2 




a 


20 


9.66197 


9.71339 




0.28661 


9.M858 




40 


12.0 


11 




a: 


it.66231 


9.71 370 




0.38 630 


9.94 852 












1; 






9.66246 






0.28599 


9.94 846 
















23 


9.66 370 


I 


9.71431 




0.38 569 


9.94 839 
















24 


9.66 395 


9.T1462 




0.28 538 


9.04 832 






9 


■gi-R 


2l!fi 


ar 


7 


8S 


9.66319 


9.71493 




0.28507 


9.M826 




36 






9.66343 


9.71624 




0.28476 


0.W819 




M 




27 


9.66 36S 




9.71555 




0.28445 


9.94 813 




33 






9.66393 




9.71586 




0.28 414 
















9.66 416 




9.71617 






9.94799 




ai 


2 




1.3 


30 


9.66441 




9.71648 




0.38352 


9.^793 




30 








3! 


9.66466 


M 


9.71679 




0.28 321 


9.94 786 






4 


3.8 


3.4 




9.66489 


9.71709 




0.28 391 


9.w7ao 






6 


3,5 


3.0 


33 


9.66513 




9.71 740 




0.28 360 


9.M773 




27 


6 




3.6 


34 


9.66 637 


Vs 


9.71 771 




0.28239 


9.MT67 




26 


7 


49 


4.3 


86 


9.66562 


9.71802 




0.28198 


9.94760 




2B 


9 




6!4 




9.66 686 




9.71833 




0.28167 


9.94753 




2i 




37 


9.66 610 




9.71863 




0.28137 


0.94747 








39 


966 6M, 
9.66658 


M 


9.71894 
9.71935 


" 


0.28106 
0,28079 


9.94740 
9.^734 




32 
21 




40 


9.66 682 


M 






0.28045 


9.94 727 




£0 




41 


9.66 706 


9171986 




0.38014 


9.M720 




19 




43 


966 731 


M 


9.72017 




0.27983 


9.94 714 




18 


I'rom, the (op ; 


43 


9.66 755 
9.66779 


9.73 048 
9.73078 


SO 


0.37 9S3 
0.37 933 


9.M707 
9.94700 




17 

16 


For ar+ or 807°+, 


AS 


9.66803 




9.73 109 




0.37 801 


9.94694 




16 


read as printed ; for 


4fi 


9.66 837 




e.72140 




0.27860 


9.94687 




14 


117°+ or 297'H-, read 








9.73170 




0.37 830 


9.94680 




13 


co-f imetioii . 


48 






t).72201 




0,37 799 


9.94674 




12 




50 


9,66899 
9.66923 


Z 


9.73331 
9.73262 


M 


0.37769 
0.27738 


9.94667 
9.94660 




10 


From the bottom : 




9.66 946 


9.72293 




0.2T707 


9.94654 




9 


For 62°+ or 242°+, 


53 


9.66970 


24 


9.73 323 
9.73 354 


SI 


0.27 677 
0.37 646 


9,94 647 
9.94640 




7 


read as printed ; for 


M 


9!670i8 




9.72 384 




0.27616 


9,94634 






1S2°+ or 332°+, read 


BB 


9,67043 


24 


9.73416 




0,37 585 


9.94627 




5 


to-tunction. 




9.67 066 


9.72 445 




0.27 565 


9.94620 




4 




57 


9.67 090 


9.72476 




0.37 624 


9.94614 




3 






9.67113 




9.72 606 




0.27 494 


9.94607 








.» 


9.67137 




9.72637 


30 


0.27463 


9.94600 








BO 


9.67 161 




9,73567 




0.37 433 


9.94 593 
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28° 


- 


Logarithms of Trigonometi 


ic 


functions 




[III 


T" 


Lain 


T" 


LTmi 


Od 


ICto 


LCos 


d 




Prop, Ks, 





9.87 IBl 
9.67 m-i 


24 


9.73 ,'567 
9.72 598 


31 


0,27 433 
0,27 402 


9.M693 
9.M587 


— 


60 




2 


9.67 208 




9.72628 






9,^580 


I 


68 




3 


9.6T232 




9.73 659 




o!37 341 


9,94 573 


' 


57 






9.67 256 


It 


9.72689 




0.27 311 


9.^567 




66 




S 


9.67 280 


9.73 720 




0,37380 


9.94 660 




65 




31 


30 


29 


6 


9.67 303 




9.72 750 




0.27 2fl0 


9.M553 




64 


3 


6,3 


6,0 


5.8 


7 


9.67 327 


11 


9.73 780 




0.37 320 


9.94 546 




53 


3 


9.3 


9,0 


8.7 




9,67 350 


9.72 811 




0.27189 


9.94540 






4 


13.4 


13.0 






9.67 374 




9.73 S41 




0.37 169 


9.M633 














10 


9.67398 




9.73873 




0,37138 


9.M626 




SO 


6 


18^6 


isio 


17,4 




9,67 421 




9.73903 




0,37098 


9.M519 




49 


7 


21.7 


21,0 


20,3 


12 


9.67 445 




9.73932 




0,27 068 


9.94 613 




48 




24.8- 


24.0 




13 


9.67468 




9.73963 




0.37 037 


9.94506 






9 


37,9 


37.0 


a>.i 




9.67 492 


23 


9.72093 




0,27007 


9.94499 




46 


I 


15 


9.67 515 






0,36 977 


9,<*493 




46 


f 


16 


9.H7 639 


W 


9.73 OM 




0,26 M6 


9.94 485 




44 




24 


23 


22 


17 


9,67 503 


9,73084 




0,36 916 


9.94 479 




43 










18 


9.67 686 




9.73114 




0,26 886 


9,94 472 




43 


2 


4,8 


4" 




4.4 


19 


9,67 609 




9,73144 




0.26 856 


9,94465 




41 


3 
4 


7.2 






6.6 


20 


9,67 633 


M 


9,73175 




0.26 825 


9.94458 




40 


12io 


1] 






21 


9,fiT65e 


9,73 306 




0.26 795 


9,94 451 






8 




i: 






32 


9.67 680 




9,73235 




0.26 766 


9.94 446 




38 












33 


9,67 703 




9.73266 




0.20735 


9.94 438 
















24 


9.67726 


2i 


9.73295 




0.26 706 


9.&1431 




36 


9 










ZS 


9.67760 


9.73326 




0.26674 


9,M424 




39 




EC 


9.67773 


0.73366 




0.36 644 


9,94417 




31 




37 


9.67 796 




9.73 386 




0.26614 


9,M410 




33 






9,67 820 




9.73416 




0.26 6M 


9.94404 














9,67 813 


% 


9.73446 




0.26 654 


9.M397 




31 


3 


1.4 


1.2 1 


30 


9,67 866 


9.73476 




0.26534 


9,94 390 




SO 










31 


9,67 890 




9.73 607 




0,28 493 


9,94383 






4 




2 


4 


32 


9.67 913 




9.78 637 




0,26 463 


9,94 376 




38 


6 


3.6 


3 







9.67 936 




9.73 567 




0.36 433 


9,94 369 




27 


6 


4,2 




6 


3i 


9,67 959 


s 


9.73 697 




0.26403 


9,M362 




26 


7 


4,9 
6.6 




3 


36 


9,67 983 


9.73 627 




0.36 873 


9.94 365 




26 








SH 


9,68006 


9.73657 




0.26 343 






24 




37 


9.68 029 


9.73 687 




0.26313 


9,MM3 




33 






9,68053 




9.73 717 




0.26283 


9.M.335 




22 






9,63 075 




9.73747 




0.36 263 


9.94328 




21 




40 


9.68098 


33 
23 


9.73777 


30 
30 


0.28223 


9,94321 




20 




41 

43 


9.68 121 
9.68144 


9.73 807 
9.73 837 


0.26193 
0,26163 


9.94 314 
9.94 307 




19 

18 


From the top : 


43 


9.6S167 


9.73 867 




0,26133 


0.M3OO 




17 


For 28'H- or 208"+, 
read aa priated; jur 


44 


9.68190 


9.73 897 




0.26103 


9.94293 




18 


4S 


9.68 213 




9,73 937 




0.26073 


9.94386 




15 


46 


9.68 337 




9,73957 




0,26 043 


9.94379 




14 


118'+ or 298°+, read 


47 






9,73987 




0,26013 


9,94273 




13 


co-fvmction. 


48 


9^68 283 




9,74017 




0.35 983 


9,94 266 




13 




49 


9.68 305 


23 


9,74047 


30 


0.26963 


9,M269 




11 


From the bottom : 


SO 


9.68328 




9,74077 




0.35 923 


9,M262 




10 






9.68351 




9,74107 




0,25 893 


994 34S 






For ei'H or S41°+, 


53 

54 


9.68 374 
9.68397 
9.68420 


i 


9,74137 
9!74196 


i 


0,25 863 
0.25 834 
0.2B804 


9 942,11 
9 14 324 




7 


read as printed; for 
191°+ or 881"+, read 


55 


9.6S443 




9,74236 




0.25 774 


914217 




6 


oo-lunetion. 


58 


9.68466 


11 


9,74356 




0,25744 


994310 




4 






9.68489 


9,74 286 




0.25 714 


9 91203 










9,68 B12 


2S 


9.74 316 


30 


0.25 684 


9(4198 








59 


9.68534 


9,74 345 


0,25 655 


9 94180 








60 


9.68 557 




9.74 375 




0,25 635 


9.94182 
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75 




LSin 


d 


I Tan 


cd 


LCtn 


I Cos 


J_ 




Prop. Pte. 




2 


9.68 557 
9^68 603 


" 


9.74 375 
9.74 405 
9-74435 


30 
30 


0.35 625 
0.25 695 
0.35 565 


9.94 182 
9.94176 
0.M168 




00 

50 




a 






9.74465 




0.26 635 


9.94161 










9:68048 




9.74 4M 




0.35 506 


9.94164 




66 




5 


9.68671 


2» 


9.74524 


M 


0.25476 


9.M147 




99 




6 


9,68694 


9.74654 


0.35 446 


9.<I4140 




54 




7 


y.68 716 




9.74 583 




0.35417 


9.M133 




63 






0.68 739 




9.74613 






9.M126 




62 


on 1 ao 


23 


9 


9.6S762 




9.74643 




0.25 357 


9.M119 




61 








10 


9.68784 


^ 


9.74673 




0.2HaJ7 


9.94112 




60 




9.0 

12.0 
16.0 
18 


8J 
11.6 


6.9 
0.2 




9.68807 


0.74 702 


30 


0.25 398 








4 


12 


9.B8 829 




9.74732 


0.35 268 


9.04008 




48 




9.68 802 




9.74 762 


20 


0.26 238 


9.M090 




47 








14 


9.68 875 


il 


9.74791 


0.35 309 


9.1(4083 




46 








Id 


0.68897 


9.74821 


0.25179 


9.M076 




46 




2i!o 


23!3 


18^4 




9.6S920 


9.74861 




0.25149 


9.94069 




44 


9 


27.0 


26.1 


20.7 


17 


0.68943 


9.74880 




0.25120 


9.M062 




43 




18 


9,68965 




0.74910 




0.25 090 


9.94065 








lU 


9.68987 




9.74939 




0.25061 


9.94048 








20 


9.69010 




9.74969 


Z 


0.25031 


9.94041 




40 








23 


9.74998 


0.25 002 


9.94034 




39 




22 


8 


7 


23 


oleooQS 


9.75 028 


30 


0.34 972 


9.W027 




38 






1.6 
2.4 


1.4 
2.1 
2.8 


23 


9.69077 




9.75 058 


0.24942 


0.94020 




37 








24 


0.69100 




9.73 087 


i 


0.24 913 


9.94012 




36 


4 


( 




26 


9.69122 


M 


9.75117 


0.34 883 


9.W006 




36 










0.69144 


9.75 146 


0.24854 


0.93008 


















9.69167 


Z 


9.75176 


24824 


9.93 001 
















38 


9.69189 


9.75 205 


0.34 795 


9.93 9B4 




32 


8 


Jl 




6^4 


6!6 




9.69 212 


B.76 236 


M 


0.24765 


9.03 077 




31 






8 


7.3 


6.3 


30 


9.69 234 


9.7B264 


0.24 736 


9.93 970 




30 






9.69 256 


9.75 294 




0.24 700 


0.93 063 










9.60 279 


9.75 323 




0.24677 


9.93 955 








3a 


9.69 301 


M 


9,75 363 




0.24047 


9.93948 




27 




34 


9.69323 


9.75 382 




0.24618 


9.93041 




26 




35 


9.69345 




9.76411 


30 




9.93934 




S6 




30 


9.69368 


fz 


9.75 441 


0.24659 


0.03937 








37 


9.69390 


9.76 470 




0.24 530 


9.93920 




23 






9.69413 




9.75 500 


i 


0.24600 


9.93 912 




22 


From the top : 


40 


0.69 484 
9.69 4S(( 


22 


9.TB529 
9.75 S58 


0.34471 
0.24443 


9.93 905 
9.93893 




21 
20 


For 39°+ or 208=+, 


41 


9.69479 




9.75 588 




0.24 412 


9.93 891 






read aa printed; tor 


43 


9.69 501 


11 


9.75617 




0.24383 


9.93 884 






119=+ or 299°+, read 




9.69523 


9.75647 




0.24 353 


9.93 876 






CO-fllQttlOTl. 




9.69645 


22 


9.76676 


30 


0.24324 


9.93860 








45 


9,69567 


9.76 705 


0.34 296 


0.93862 








4t( 


9.69 68i) 




9.75735 


0.24 266 


9.93 865 






From the bottom,: 








9.75764 




0.24 236 


0.93 847 










9!69633 




0.75 793 


29 


0.24207 


9.93840 






For 60"+ or 240°+, 


4y 


9.69656 


22 


9.76822 


0.34178 


9.93833 






read as printed; tor 


so 


9.69677 


0.75 852 


M 


0.24148 


9.93326 






160'+ or 380°+, read 




9.89699 


0.75 881 


0.24119 


9.93819 










9.60 721 


9.75 910 


0.24090 


9.93811 








53 


9.69 T43 


11 


9.75939 


0.24061 


9.93804 








54 


9.69765 


9.79669 


80 


0.24 031 


9.93797 








6S 


9.69 787 




9.75998 


0.24 003 


9.93 789 










9.69 809 


S2 


9.76027 


0.23 073 


0.93 783 








57 


9.69 831 


0.70016 


0.23 944 


9.93775 








68 


9.69 8g3 




9.76086 


0.23 914 


0.03768 








m 


0.69 87S 


M 


0.76 115 


0.33 885 


9.93 700 








GO 




9,76144 


0.23 850 


9.03763 
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30 


- 


Logaritliras of Trigonometric 


functions 






[ill 




LSin 


d 


I. Tan 


cd 


LCtu 


LCOB 


d 




Prop, Pts. 


~o 


a.B9 89T 




9.76 144 




0,23856 


9,93 753 




60 




3 


9.69 919 
9.69 Ml 


22 


9.76173 
9.76 203 


^ 


0.23827 
0,23798 


9.93 746 
0,03 738 




58 










9.76 231 




0.23709 


9.93 731 




57 










9.76 361 




0.33730 


9.93 734 




66 




6 


9.70006 




9.76290 




0.23 710 


9.93 717 




56 




30 


29 


2S 




9.70028 




9,76 319 




0.33681 


0,93 709 




64 


2 


6,0 


5.S 


5ti \ 


7 


9.70 OBO 




9.70 348 




0.23 6B2 


9,03 702 




53 


3 


9.0 


8.7 








9.70073 




9.76 377 






9.93695 




52 






11.6 








9.70093 


M 


9.70 406 


Z 


0^23 .m 


9,93087 






5 


leio 


4.5 


14 


D 


10 


9.70115 


9.76435 


0.33566 






50 





18.0 


7.4 


16 




11 


9.70137 




9.764^ 




9.23 536 


9.93 673 




49 


7 


21,0 


0.3 


19 




12 


9.70159 




9.76 493 




0.33 507 


0.03 6(i5 










23,2 


22 




13 


9.70 180 




9.76522 




0,23 478 


9.93658 






9 


27,0 




25 


2 


H 


9.70 202 




0.76 551 


29 

2a 


0,23440 


9.93650 




46 


1 


16 


9.70 32i 




9.76 580 


0.23420 


9.93^3 




46 


1 


16 


9.70 245 




0.76 609 


0,23391 


9.93 636 








22 


21 


IT 


0,70267 




9.76639 




0,23361 


9.93028 










4- ' 


18 


9.70 288 




0.76 668 




0.23332 


9.93621 




43 










19 


9.70 310 


11 


9.76697 




0,23303 


9.93 614 






4 






I 


30 


9.70 332 


0.70 725 




0.23 376 


0.93606 




40 


li.o 


1 


21 


9.70 3S3 


S2 


9.76 754 


» 


0,23240 


9.93599 












9.70 375 


0.76 783 




9.93 591 














33 


9.70396 




9.76 812 


i 


0,23188 


0,03 584 




37 










24 


9.70418 


Tl 


9.76 841 


0.23169 


0.93 577 




36 


9 




1 


t) 


ss 


9.70439 


9.76 870 


0,33130 


9,93569 




36 




26 


9.70461 


21 


9.76399 


28 


0.23101 






34 






9.70483 


9.76938 


0.23073 


9;il35B4 




33 






9.70504 




9.76957 




0.23043 


0.93647 












20 


9.70525 


M 


9.76936 




0.23014 


9,93 539 




31 




1.0 




30 


9.70 547 


9.77016 




0,22985 


9.03532 




ao 




2,4 


3.1 


31 


9.70 B68 




9.77044 


M 


0,23 956 


9.93625 




39 




3,2 


2.8 




9.70690 




9.77 073 


0,23 927 


0.03 517 








4.0 


3.9 


33 


9.70 611 




9.77101 




0.22 899 


9.93 610 




37 


6 




4.2 


3i 


9.70633 




9.77130 


z 


0,23870 


9.03 502 




20 


7 


6,0 


4.0 
5,6 


36 


9.70 654 




9.77159 


0.22 841 


9.93495 




SS 




7^3 


36 


9.70676 




0.7ri88 


0.23812 


0.03487 










37 


9.70 697 




9.77217 


M 


0,32 783 


0.93480 




23 




38 


9.70718 




9.77 346 


0,33 764 


0.93473 








39 


0.70730 


11 


9.77274 




0.32 726 


9.93465 




21 




40 


9.70761 


9,77303 


29 




0,03467 




20 




41 


9.70 782 






0,22668 


9.93 450 




19 


From the top: 




9.70 803 




9^77 361 






9.93442 




18 


43 


9.70821 




9.77 390 


S 


0^22 610 


9,93439 




17 


For SO"* or 310°+ 


a 

46 


9.70 846 
9.70867 


21 


0.77 418 
9.77447 


0,22653 


9.93427 
9.93420 




16 
15 




46 


9.70 888 


31 


0.77476 


% 


0.22 534 


9.93412 




14 


120"+ or 300°+, read 




9.70 909 


9.77505 


0.22405 


9.93409 




13 


co-function. 




9,70031 




9.77633 




0.22 467 


9.93397 




12 




4y 


9.70952 


21 


9.77 603 


39 


0.22 438 


9.93390 




11 


From the bottom : 


SO 


0.70973 


21 


0,77991 


38 


0.23409 


9.93382 




10 






9.70994 


9.77619 


0,23381 


9,93 375 




9 


For 69=+ or 239"+, 


53 


9.71015 




0,77648 




0.93367 






read aa printed; for 
149°+ or 32B°+, read 


53 
o4 


9.71036 
9.71TO8 


22 


9.77 677 
9.77706 


29 


0.22 333 
0.22 2M 


9.93 360 
9.93 352 




6 


S5 


9.71079 


Z 


9.77 734 


i 


0.33 266 


9.03 344 




5 




56 


9.71 100 


9.77 703 


0.22 237 


0.03 337 










9.71 m 


ll 


9.77 791 


0.22 209 


9.93 329 




3 




58 


9.71143 


9,77 820 


0,23180 


9,93333 










9,71 163 




0.77849 




0.22161 


9.93314 








GO 


9.71 184 




9.77 877 




0,23133 


9.93307 
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31 


- 


[iOgarillims of Trigonometric Functions 




77 




I Sin 


d 


LTan 


cd 


LCbn 


LCoa 


d 




Prop. PtS. 




9.71 184 
9.71205 
9.71 336 


l\ 


9.77 877 
9.77906 
9.77 935 


^ 


0.22123 
0.22094 
0.33065 


9.93 307 
9.03 299 
9.93 391 


'. 


60 

59 






9.71247 




9.77983 




0.22037 


9.93 284 




67 






9.71268 




9.77 993 


Z 


0.32008 


9.93276 










9.71 2S9 




9.78020 


0.31980 


9.93 269 




66 






9,71310 




9.78 049 




0.31951 


9.93 381 




54 






B,7133I 




9.78 077 




0.31923 


9.93253 




63 






9.71353 




9.73106 




0.31 894 


9.93246 










9.71873 


% 


9.78135 




0.31805 






61 












9.71893 


9.78163 




0.31887 


9.93 2a) 




SO 




6.8 




4.2 




9.71414 




9.78193 




0.21808 


0.93223 




49 


3 




8.4 






9.71*35 




9.T8 320 




0.31 780 


9.93 316 




48 








lois 




9.71456 




9.78 249 




0.21751 


9.93 207 




47 










9.71477 




9.78 377 




0.31733 


9.93 300 




46 




20;3 
23.2 


me 






9.71498 




9.78 306 




0.2169* 


9.93192 




46 




16^8 




9.71519 




9.78 3^ 




0.21666 


9.93184 




44 












B.71639 




9.78363 




0.21037 


9.93177 




43 






9.71660 




9.78391 




0.31609 


9.93169 




42 






0.71581 


21 


9.78419 


W 


0.21681 


9.93161 










9.TI603 


9.78448 


0.31 BBS 


9.93154 




40 






9.71632 




9.78476 




0.21524 


9.93146 












22 


9.71643 




9.78509 




0.21495 


9.93138 














23 


9.71064 




9.78533 




0.21467 


9.93 131 








4.0 


1 ~ 








9.71 685 




9.78663 




0.21438 


9.93123 




36 


3 


6.0 




i 


2.1 


as 


9.71 705 


21 


9.78690 


3§ 
28 


0.31410 


9.93115 


^ 


36 


4 
5 
6 
7 
8 
9 


8.0 
10.0 
12.0 
14.0 
16.0 
18.0 


i 


i 


3.8 
3.6 
4.3 
4.9 
5.6 
6.3 


2Ci 


D.71 726 


9.78618 


0.31882 


9.93108 






4 




27 


9.71747 




9.78 647 




0.21 353 


9.5)3100 




33 


5 




9,7! 767 




9.78 676 




031325 


9.9;J0i)2 




33 






9.71788 




9.7870* 




0.21396 


9.93 OS* 




31 


7'.2 


30 


9.71809 




9.78 7fB 




0.31368 


9.93077 




30 




31 






0.78 760 




0.31340 


9.93069 




2!> 




32 


9>18Bb 




9.78789 




0.21 ai 


9.93061 










9.71 870 




9.78817 




0.21183 


9.93053 




27 




34 


9.71 891 




9.78 846 


28 
28 


0.31 165 


9.93046 




ai 




35 


9.71911 


21 


9.78874 


0.21 126 


9.93 038 




26 




36 


9.71932 


9.78 903 


0.21098 










37 


9.71952 




9.78 930 




0.21070 


9.93 022 




33 






9.71973 




9.78 959 




021 041 






22 


From the top ; 




9.71994 




9.78987 




0.21 013 


9^93 007 


' 


31 




40 


9.73014 


20 


9.79015 


as 


0.20986 


9.92 999 




20 


For 31°+ or 211°+, 




9.73034 




9.790*3 


^ 


0.20 957 


9.92 991 






read as printed | £o( 




9.72035 




9.T9072 


0.20 938 








121°+ or 301°+, read 


43 


9.72075 




9.79 100 


0,20 900 


9.92 976 




17 


co-function. 


44 


9.72096 


21 


9.79128 


28 


0.30873 


9.92 968 




16 


45 


9.72116 




9.79166 




0.20844 


9.92 960 




16 




46 


9.72 137 




9.79186 




0.20 815 


9.92 952 




14 


From the bottom : 


47 


9.72 157 




9.79213 




0.20 7S7 


9.92944 








48 


9.72177 




9.79241 




0.30759 


9.92936 




13 


■ For 68°+ or 238°+, 




9.72198 


E 


9.79269 


3S 


0.30 731 


9.93929 






read as printed; for 


90 


9.73318 


9.79297 


0.20708 


9.93921 




10 


148"+ or 828°+, read 


51 


9.72 238 


9.79338 


0.20674 


9.92 913 




9 




63 


9.72 259 




9.79354 


0.20646 






8 






9.72379 




9.79382 




0.30 618 


9.93 897 




7 






9.72299 


fi 


9.79410 


M 


0.20590 










58 


9.72 320 


9.79438 


0.30 S62 


9.92 881 




5 




S6 


9.73 340 




9.79466 




020 634 


9.93 874 




4 




57 


9.72 360 




9.79496 


2S 


0.30 505 


9.92 866 




3 






9.72381 




9.79523 


0.20 477 


9.93 858 








59 


9.73401 




9.79661 


11 


030449 


9.92 860 








GO 


9.72421 




9.79579 


0.20 431 


9.93 842 




_0_ 






LCoa 


T 


LCtn 


7T 


LTan 


LSin 


T 


' 


Prop. PtS. 



-Logaritlini8 of Trigonometric Functions 



rs 


32= 


— Logarithms of Trlsonometr 


ic 


Pnnctlons 




[III 


~r 


LSiil 


_d_ 


LXan 


0± 


LCtn 


LCoa 


d 




Prop, PtB. 


~0 


9.72 431 




9.79 579 




0,20421 


9,92 843 




"eo" 




1 


9.73 441 




9.79607 




0.20 393 


9.93 831 








2 


9.72 4((1 




9.79 635 




0.20366 


9.93 826 








3 


9.73483 




S.79 663 


2S 


0.20337 


9.92818 




57 






9.72 fi03 




9.79691 




0.30309 


9.93 810 




56 




6 

7 


9.72033 
9.72 H3 


I 


9.79719 
9.79747 
9.7!) 776 


28 


0.20281 
0.20363 
0.20224 


9.92 803 

9.93 7ai 
9.92 787 


1 


S6 
53 


2 
3 


39 

5.8 
8.7 


2S 

5.6 
8.4 


87 

6.4 




9!73B82 




9.79 804 




0.30196 


9.92779 




52 


4 


U.6 


11.3 


lo's 




9.73603 




9.79 832 


11 


0.20168 


9.93771 




51 






14.0 


13.5 


10 


9.73633 




9.79860 


0.20140 


9.93 763 




SO 


S 


17^4 


16.8 


16.2 




9.73643 




9.79 888 




0.20113 


9.93 755 




49 


7 


20,3 


10.6 


18.9 


12 


9.72063 




9.79 910 




0.20084 


9.92747 




48 


8 


23.3 




21.6 


13 


9.73 633 




9.79 !M4 




0.20 OSfi 


9,92739 




47 


9 


2fi.l 


25.2 


24.3 




9.72703 




9.79 972 


28 


0.30038 


9.93731 




46 


1 


16 


9.73 72S 




9.80000 


0.20000 


9.92733 




45 


1 


Iti 


9.72743 




9.80038 




0.19972 


9.93715 




44 


1 21 


SO 


19 


17 


9.72763 




9.80056 




0.19 W4 


9.93 707 




43 










9.72733 




9.80084 




0.19 916 


9.92 699 




43 


„ ... 
2 




4" 






19 


9.73 803 




9.80 113 


28 
28 


0.19 883 


9.92 691 




41 


3 
4 


6,3 


( 





5.7 


20 


9.72 823 


20 


9.80140 


0.19 860 


9.93 683 




40 








21 


9.73 843 


9.80 IBS 


0.19 833 


9.92 675 
















32 


9.73 863 




9.80195 




0.10 805 


9.92 667 




38 





















9.80 233 




0.19 777 


9.93659 




37 






1( 




24 


MS 903 


20 


9.80351 




0.19 749 


9.93651 






9 






SG 


9.72 933 


9.80279 




0.19721 


9.92643 




SS 




2ti 


9.73943 


20 


9.80307 




0.19693 


9.92 636 




31 




27 


9.72 963 


9.80 336 




0.19 665 


9.92627 




33 




28 


9.72 SI83 




9.80 363 




0.19 637 


9.92619 










» 






9.73003 


20 


9.80391 




0.19 609 


9.92 611 




31 


3 


1.8 


16 


1.4 


30 


9.73033 


9.80419 


28 


019681 


9,93 603 




30 


3 


3.7 


3 




2.1 


31 


9.73041 


20 


9.80 447 


0.19553 


9.92 595 




29 


i 


3.6 






3.8 


32 


9.73 061 


9.80474 




0.19621! 


9.93 687 




28 


5 




4 





3,5 


S3 


9.73 OSl 




9.80502 




0.19498 


9.92579 




27 


6 


5.4 


4 


8 


4.3 




9.73101 


E 


9.80530 




0.19470 


9.92671 




26 


7 


6.3 

7.3 


6 


6 




3S 


9.73131 


9.80 558 


23 


0.19442 


9.92663 




2S 


9 








36 


9.73 140 


9.80 S86 


0.19414 


9.93565 




34 








3T 


9.73160 


% 


9.80 614 


28 


0.19 386 


9.93546 










9.73 180 


9.80643 




9.92638 




32 






9.73 300 




9.80669 


2S 


0.19331 


9.93 530 




31 




40 


9.73 319 




9.80697 


0.19303 


9.92 622 




20 




41 
42 


9.73 339 
9.73 359 


M 


9.80735 
9.80 753 


0.19375 
0.19247 


9.93 514 
9.92608 


1 


13 


From the top : 


43 


9.73 278 


9.80 781 




0.19319 


9.92498 




17 


For 88''+ or 312°+, 




9.73398 


9.80 808 


28 


0.19193 


9.92 490 


I 


16 


read as priuted; for 


4fi 
46 


9.73318 
9.73 337 


1» 


oisosoi 


28 


0.19164 
0.19136 


9.93482 
9.93473 


I 


15 


132'^ or 303°+, read 


47 


9.73 357 




9.80 892 




0.19 108 


0.93 465 




13 


oo-funotion. 


48 


9.73 377 




9.80919 




0.19081 


9.93457 




13 






9.73 396 


20 


9.80947 


28 


0.19063 


9.93449 


g 




From the lottom : 


50 


9.73416 




9.80975 




0.19025 


9.93 441 




10 




51 


9.73 43S 




9.81003 




0.18 997 


9.93 433 




9 


For 57"+ or 237°+, 




9.73 4B5 






23 


0.18 970 


9.92 435 






read as printed; for 
147=+ or 337°+, read 


53 


9.73474 
9.73494 


11 


9!8105a 
9.81086 


0.18 M3 
0.18 914 


9.92 416 
9.93403 


g 


7 


SS 


9.73613 


19 


9.81 113 


27 


0.18 887 


9.93 400 


^ 


5 


eo-function. 


56 


9.73633 


19 


9.81 141 


28 


0.18859 


9.93 392 




i 




57 


9.73553 


9.81169 


0.18 831 


9.93 384 








38 


9.73573 




9.81 1B6 




0.18 804 


9.93 376 


I 


3 






9.73591 




9.81 3'J4 


% 


0.18776 


9.92 367 


^ 


1 




_60 


9.73 611 




9.H1252 


0.18 748 


9 93 359 











ICos 


"d~ 
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J± 
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m 


33 


- 


Logarithm 


s of Trigonometric 


Fuuctions 




79 


"T 


LSin 


~d~ 


I Tan 


cd 


LCtn 


I. Cob 


A 




Prop. PtB, 




9.73 611 




9,81252 




0.18748 


9.92 35Q 




BO 






9.73 630 




9.81279 




0.18 721 


9.93 S,-!! 










9.73650 




9.81307 




0.18093 


9.92 343 










9.73fl(j9 




9,81 335 




0,18665 


9,93 335 




57 










9.81363 




0.18638 


9.92 326 




66 






9.73 708 




9.81 3B0 




0.18610 


9.92318 




66 




28 


27 


20 




9.73727 




9.8! 418 




0.18582 


9.92 310 




54 


2 










9.73 747 




9.81446 


27 


0,18555 


9.93302 




53 




3^4 


S.l 


6.0 




9.7370(1 




9.81473 




0.18527 


9.93 293 




62 


4 


11.2 


10.8 


8.0 




9.73 785 


SO 


9.81500 




0.18500 


9.92 385 




51 


6 


14.0 


13.6 


10,0 




9.73 BOS 


9.81528 




0.18472 


9.93 377 




60 


6 




10.3 


12.0 




9.73 834 




9.81656 




0.18 444 


9.92 369 




49 


7 


19.(1 


13,9 


14.0 




9.73 843 




9.81583 




0.18417 


9.92 200 




48 


8 


22,4 


21.0 


16.0 




9.73 863 




9,81611 




0.18 389 


9,92253 






9 


2B.2 


24.3 


18.0 








9.81638 


27 


0.18 362 


9.92344 




46 






9.73 901 


M 


9.81666 




0,18334 


9.93 235 




45 






9.73 921 


9.81693 




0.18 307 


9.92 227 




44 




19 


18 




9.73940 




9,81721 




0.13279 


9.92219 




13 


3 




3.6 




9.73959 




9.81748 




0.18 252 


9.92311 




43 






9.73978 




9.81776 


28 


0.13224 


9.92202 




41 


4 


5.7 


5.4 
7.3 


20 


9.73997 




9.81803 




0.18 197 


9.92194 




40 






9.74017 




9.818:11 




0.18 16'J 


9.92 186 




39 




11^4 


loifl 


22 


9.74036 




9.81858 




0.18 143 


9.92177 




38 


7 


13,3 


13.0 


23 


9.74035 








0.18114 


9.1]2109 




37 


8 






21 


9.74074 




9.81913 


28 


0.13 037 


9.93 161 




3(i 


9 






26 


9.74 093 


20 


9.81 911 


0.18 059 


9.92152 




39 




26 


9.74113 


9.81968 




0.13032 


9,92141 




34 






9,74132 




9,81 996 




0.18O01 


9.93136 




33 




28 


9.74151 








0.17 977 


9.92 137 












21) 


9.74170 




9!3a051. 




0.17949 


9.92 119 




31 


2 


1.8 


1.6 


SO 






9.82078 




0.17922 


9.92111 




30 


3 


2.7 


2 


4 


31 


9.74 208 




9.82106 




0.17 S94 


9.93103 




29 




3,:i 


; 


2 


32 


9.74227 




9.82133 




0.17 867 

















33 


9.74246 




9.83161 




0.17 839 


9!93086 




27 




5.4 






34 


9.74 26B 




9.82188 




0.17813 


9.92077 




30 


7 


6.3 




4 


sa 


9.74284 




9.83 21H 




0,17785 


9.92069 




26 


9 


8!i 






9.74303 




9.82243 




0.17 757 


9.92060 








3T 


9.74 323 




9.82270 




0.17730 






33 




3H 


9.74 S41 
9.74360 


1b 


9.83 298 
9,32^5 


w 


0.17 703 
0.17 676 


9^93 044 
9.92035 


9 


22 
31 




40 


9.74 379 








0.17 648 


9.92037 




20 




41 


9.74 398 




9^82 380 






9.02018 




19 




42 


9.74 417 




9.82407 




0!l7B93 


9.93 010 




18 


I'rom the lop : 


43 


9.7443a 




9.82436 




0.17 665 


9.92 002 




17 






9.74 45S 




9.83463 




0.17 538 


9.91 993 






For 33=+ or 213'=+, 


46 


9.74474 




9,83489 




0.17511 


9.91085 




15 


read as printed; for 


4li 


9.74 493 




9.82517 




0.17483 


9.91976 




14 


1S3°+ or 303°+, read 


47 


9.74512 




9.82 544 




0.17156 


9.91 9(i8 




13 


oo-funetiou. 


48 


9.74631 




9,83571 




0.17429 


9.91 969 






49 


9.74549 




9.82 599 




0.17401 


9.91951 








SO 


9.74668 


IB 


9.82 626 


27 


0.17 374 


9.91 M3 


* 


10 


From the bottom : 




9.74 B87 
9.74606 


19 


9.83 653 
9.82 081 


28 


0.17 347 
0.17319 


9.91934 
9,91935 


9 




For 56°+ or 336°+, 


53 


9.74625 








0.17 293 








read as -printed ; for 


B4 


9.74644 




9:82 735 




0.17 205 


9^91 908 




6 


146°+ or 386°+, read 


S6 


9.74 662 




9.82 762 


28 


0.17238 


9.91900 




S 


co-fuuctiou. 




9.74 681 




9.83 790 


0.17 310 


9,91891 










9.74700 




9.82817 


27 


0.17 183 


9.91883 








68 


9.74 719 




9.82344 


0.17 156 


9.91 874 










9.74 737 


19 


9.B2871 


11 


0.17 129 


9.91856 




1 




eo 


9.74756 


9,82 8ffit 


0.17101 


9.91 ^7 
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34: 


- 


Logarithms of Trigonometric 


PuiictioBS 




[rii 




LSiu 


_d_ 


ITan 


cd 


LCtn 


LCos 


d 




Prop- Pta. 


1 


fl,74 756 
!i.74 77ti 


1» 


9.82 899 
9.82 926 


li7 


0,17 101 
0,17 074 


9.91837 
9.91849 


e 


60 




2 


9.74794 




9.82 953 




0,17 047 


9.91840 




68 




3 






9.82 980 




0.17020 


9.91 832 




67 






9J483I 




9.83008 




0.16993 


9.91 823 




66 




5 

6 


9.74 850 


18 


9.83036 
0.83062 


^ 


0,16965 
0.16938 


9.91815 
9.91806 




55 




28 


STj 


26 


7 


9!7488T 




9.83089 




0.16911 


9.91798 
















8 


9.74 90a 




9,83117 




0.16883 


9.91 789 




52 




iiis 


li 


8 


io!4 




9.74 924 




9,83144 




0.16856 


9.91781 




51 






1. 


5 


13.0 


10 


9.74043 




9.83171 


27 


0,18 829 


9.91772 




60 


6 


iti 


16 


3 


16.6 


11 


9.74961 




9.83198 


0.16 802 


9.91763 




49 


7 


19,0 


18 


9 


18.2 


13 


9.74980 




9.83 225 




0.16 776 


9.91766 




48 


8 


23.4 


3 


6 


20.8 




9.74999 




9.83 232 




0.16 748 


9.91746 




47 




35.3 


34 


8 


23.4 


14 


9.75017 




9.83 280 


2? 


0.16720 


9.91738 




46 


1 


IS 


9.75 036 




9,83 307 


0.16 693 


9,91729 




4S 


1 




9.75 054 




9,83334 




0.16 666 


9.91720 




44 




IS 


18 




9.76 073 




9.83361 




0.16 639 


9.91712 




43 






„ 1 


la 


9.75091 




9.83 388 




0.16612 


9.91703 




42 


2 








li) 


9.7S110 




9.83413 


% 


0.10689 


9.91695 






3 


6,7 
7,6 




,4 
.3 


20 


9.75138 




9.83442 


0.16668 


9.91686 




40 




21 
22 
23 


9,75147 
9.75165 
9,73184 


19 


B.83470 
9,83497 
9.83634 


?7 


0.16 530 
0,16 503 
0,16476 


9.91677 
9.91669 
9.91600 




38 
37 


7 


isls 

16,3 


1 


'6 


24 


9.75 202 




9.83351 


% 


0.16449 


9.91651 




30 


9 






as 


9.7S221 




9.83678 




9,91643 




85 




26 


9.76 239 




9.83 606 




0.16395 


9.91634 




34 




27 


9.75 258 




9.83632 




0,16 868 


9.91625 




33 




28 


9.73 276 




9,83669 


% 


0,16311 


9.91 017 




32 








20 


9.75 294 




9.83686 


0.16 314 


9.91608 




•31 


2 


1,R 


1,6 1 


30 


9.75 313 




9.83713 


0.16287 


9.91 699 




30 


3 


2,7 


2 


4 


31 


9.75 331 




9.83740 


11 


0.16 260 






39 






3 


I 




9.76 350 






0.16232 


9,91682 




28 










33 


9.75 368 




9:83 796 




0.16205 


9.91673 




37 


6 


5,4 


4 


'■■ 


34 








z 


0.16178 


9.91665 






7 


7r3 


5 




39 


9,75406 




9,83 849 


0.16151 


9.91 6B6 




as 








36 


9.75423 




9,83876 


0,16124 


9,91647 




3* 






7. 1 




9.75 441 




9,83903 


11 


0.16097 


9,91038 








38 


9.75459 




9,83930 


0,16070 


9,91630 




22 




311 


9.76478 




9,83967 




0,16043 


9.91521 




21 




40 


9,75490 




9,83984 


27 


0.16016 


9.91612 




20 




41 

42 


9.75514 
9.73 633 


19 


9,84011 
9.84038 


0.15 989 
0.15962 


9^91 495 




19 
18 


From the top: 


43 


9.75 651 
9,73 669 


\t 


9.84065 
9.84092 


0,30 935 
0.16 908 


9.91480 
9.91477 




17 
16 


Foe 34°+ or 814°+, 
read as printed ; for 


46 


9.76 587 




9.84 119 




0.15 881 


9.91409 




IS 


40 


9,73 605 




9,84146 




0.16 864 


9.91460 




14 


124'+ or 304"+, read 


47 


9.75 621 




9,84 173 




0,15 837 


9,91451 




13 




48 


9.75 642 




9,34200 




0,15 800 


9,91442 




13 




49 


9,76 660 




9.84227 




0,16 773 


9.91433 






From the bottom ; 


SO 


9,75678 




9,84254 


2a 


0.15746 


S.91435 




10 






9.76 696 




9.84 280 


0,15 730 


9.91416 




9 


For 6S°+ or 236'^+. 




9.75 714 




9.84 307 




0.16 693 


9.91407 






read as printed; for 
HS°+ or 336"+, read 


53 
54 


9.75733 
9.76 761 




9.84 334 
9.84 361 


il 


0.18(566 
0.15 639 


9.91898 
9.91389 




7 
6 


S5 


9.75 769 




9.8*388 




0.16612 


9,91381 




5 


ofhfuuction. 


5fi 


9.75 787 




9.84415 




0.r6 5Sa 


9,91 372 








58 


9!75«23 




9.84442 
984 469 


27 


oils™ 


9,91 3ia 




3 




59 


9,76 841 




9,8*496 




0'l6 60i 










60 


9,73 839 




9,8*523 




0.15 477 


9,91 336 
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81 




LSiQ 


T" 


I. Tan 


cd 


LCtu 


LGos 


A. 




Prop, Pts. 


~0 


9.75 8B9 




9,84 523 


27 


0,16 477 


9.91336 




60 




1 


9.76 871 




9.84 5S0 


0.15460 


9.91 398 




,w 




2 


9.75 895 




9,84676 




0.15424 


9,91319 




58 




3 


9.75 918 




9,S4603 




0.15 397 


9,91310 










9.75 931 




9,84630 


% 


0.15 370 


9.91301 




56 




6 


9.75 949 




9.84657 


0.15 343 


9.91392 




fiS 




27 


26 


13 




9.75 967 




9.84684 




0.16 316 


9.91283 












3,6 


7 


9.75985 




9,84 711 






9.91 274 




53 


3 




1 




6.4 




9.76003 




9.84 738 




0;i5 262 


9.91^ 




53 


4 


1( 


8 


10.4 


7.2 


9 


9.76021 




9.84 764 


% 


0.16 236 


9.91257 




61 




13 


5 


13.0 


9.0 


10 


9.76039 




9,84 791 


0.16 209 


9,91248 




SO 


6 


16 




15.6 


10.8 




9.76 0S7 




9,84 818 




0.15 183 


9,91 339 




49 


7 


13 


i 


18.2 


12.6 


12 


9.76075 




9.84 845 




0.16155 


9.91330 




48 




21 




20.3 


14.4 


13 


9.76093 




9.84 873 




0.15128 


9.91 231 




47 




34 




33,4 


16,2 


M 


9.76111 




9,84 899 


Z 


0.15101 


9.91212 




46 




15 


9.76129 




9.81925 


0.10075 


9.91203 




45 






9.76 143 




9M962 


11 


0,15048 


9,91 IM 




44 




17 


10 


17 


9.76164 




9.84 979 


0.16031 


9,91 185 




43 


2 




3" ' 


18 


9.76183 




9,85006 




0.14 994 


9.91 176 




42 








19 


9.76 200 




9.86033 


z 


0.14 967 


9.91 167 




41 


8 

4 




a 


20 


9.76313 




9.85059 


0,14 941 


9.91 158 




40 






9,76 236 






37 


0,14 914 


9.91 149 




39 










22 


9.76 253 




a85113 


0.14887 


9,91 141 




38 










23 


9.7«271 




9,85 140 




0.14 860 


9.91 132 




37 










24 


9.76289 




9,85166 


2? 


0.14 8a 


9.91 123 






9 


15!3 


i 





35 


9.76 307 




9,85193 


0,14807 


9.91 114 




36 




36 






9.86 220 




0,14 730 


9.91 105 




34 




27 


9.76 342 




9.85 247 




0.14 763 


9.91096 




33 




38 


9.76 8H) 




9,85 373 




0.14 727 


9,91087 














9.76378 




9.85 300 


% 


0.14700 


9,91078 




31 


3 




16 


30 


9.76 395 




9.85 327 


0.14 673 


9,91069 




SO 


3 


2.7 


3 


4 


31 


9.76 413 




9.85 354 




0.14 646 


0.01060 




29 






3 


3 


33 


9.76 431 




9,85 380 




0,14630 


9,91051 




33 




4.0 


4 





33 


9.7644a 




9.86 407 




0.14 593 






27 


6 


5.4 


4 


8 




9.76 466 




9.85434 




0.14666 


9^91 033 


10 


26 


7 


6.3 




i 


sa 


9.76484 




9.85460 




0,14540 


9.91023 


SS 










31i 
37 


9.76001 
9.76519 




9.85 487 
9,85 614 


% 


0.14 513 
0.14 486 


9.91014 
9,91006 




34 
23 






9.76537 




9.8S540 




0.14460 


9.90996 




33 




39 


9.76554 




9.85667 




0.14433 


9.90 937 




31 




40 


9.76 S73 




9.85 594 




0.14406 


9.90978 




20 




41 


9.76 590 




9.86 620 




0.14380 


9.90969 




19 




42 
43 


9.76607 
9.76635 




9.85 647 
9.35674 


27 


0.14 353 
0.14326 


9.90960 
9.90 951 




18 
17 


From the top : 


44 


9.76642 




9.85 700 




0.14 .300 


9.90943 






Fora6'4-or816=+, 


45 


9.76660 




9.85727 


37 


0.14 273 


9.90933 




IS 


read as printed; for 


46 


9.76 677 




9.85754 




9,90924 




14 


125''+otZ05°+,taad 




9.76695 




9.81730 


o!l4 22l 


9.90915 




13 




48 


9.76 712 




9,35 807 




0,14193 


9,90906 




13 




49 


9.76730 




9.85 334 




0.14166 


9,90 396 




11 




60 


9,76 747 




9.36 860 


2? 


0,14 140 


9.90887 




10 


From the bottom : 


HI 


9,76766 




9.85 887 


0.14113 


9.90 873 






For 54°+ 01' 284°+, 


52 
33 


9,76 782 
9,76 800 




9.86 913 
9.30 940 


27 


0,14087 
0,14060 


9,90 869 
9,90 860 




^ 


read aaprinteci; for 




9.76817 




9.86 967 




0.14 033 


9.90 861 




6 


144°+or3a4°+,read 


S5 


9.76835 




9^993 




0.14007 


9.90 842 




6 


co-function. 


56 


9.76 863 




9.86020 


z 


0.13 980 


9.90 832 




4 




57 


9.76870 




9.86 046 


0,13964 


9.90323 










9 76 887 




9.36 073 




0.13927 


9,90 814 




2 






9.76 9M 




9,86100 


% 


0.13900 


9.90805 




1 




60 


9.76 932 




9.86 128 


0,13874 


9.90 796 




^ 
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82 


36 


- 


Logarithms of Trigonometric Functioas 




[in 




LSill 


"d" 


LTan 


a& 


LCtn 


LCqs 


d 




Prop, Pta, 


"o" 


9.76932 




9,86 136 




0.13 874 


9,B0 7SI(i 




6C 




1 

2 


9.76 939 
9.76 9 J7 


18 


9.88153 
9.»i 179 


26 


0.13 847 
0,13821 


9,90 787 
9.90 777 




5f 




3 


9.76 974 




9.8S306 




0.13794 


9,90 768 




57 




4 


9.70991 




9,86 232 




0.13708 


9,90 759 




00 




5 


9.77000 




9,86 259 




0.13 741 


9.B0 7S0 




5E 




27 


23 


IS 


6 


9.77036 




9.88 285 




0.13 715 


9,90 741 






2 


0,4 


,'5,2 






9.77 W3 




9,86 313 




0.13638 


9,90 731 




m 


3 


8.1 








9.77061 




9.88338 




0.13062 


9.90 722 




52 










D 


9.77078 




9,86 3H5 




0.13635 


9.00 713 




61 




iS.5 


13!o 


9.1) 


10 


9.77096 




9.8H 393 




0,13608 


9,90 704 




SO 


6 


16,3 


16.6 


10,8 


]1 


9,77112 




9.86 418 




0,13 583 


9.90694 




49 


7 


18,9 


18,2 


12.6 


n 


9.77 130 




9.86443 




0.13 555 


9.90 885 




48 




21,6 


20,8 


14,4 


13 


9.77 147 




9,86 471 




0.13629 


9.90 676 




47 


9 


24,3 


23,4 1 16,2 1 




9.77164 




9,864^ 


% 


0.13503 


9.90607 




4(i 


1 


15 


9.77 181 




9,86 624 


0.13476 


9.90 657 




4G 


1 


16 


9.77 193 




9,86 651 




0.13 449 
0,13 423 


9.90 048 




44 




17 


16 


17 


9.77 218 




9,38577 




9.90 639 












IS 


9.77233 




9,88 603 




0,13 397 


9,90 630 




43 


3 


3.4 


3 






9.77 250 




9,86 630 


% 


0.13 370 


9.90 630 




41 


5 


6!8 


■ 


4 



20 


9.77268 




9,86 656 


0,13 344 


9.90 611 




40 




21 






9,86 633 




0,13 317 


9,l»602 












9177303 




9,86 709 




0.13 291 


9,90692 














23 


9.77 S13 




9,88736 




0.13 284 


9.90683 




37 




1316 


}■ 






9.77 336 




9.86 763 


% 


0.13 338 


9.90 574 




30 


9 




25 


9.77 333 




9.86 789 


0.13311 


9.90 665 




SS 




as 


9.77 370 




9.80 815 




0,13183 


9,90555 




31 




2T 


9.77387 




9.81! 813 




0.13158 


9,90546 










9.77400 




9.86 868 




0.13133 


9.90637 




33 










a77433 




9,86 894 


27 


0.13106 


9.90527 




31 


3 


2.0 


1.8 


30 


9.77 439 




9,86 931 


0.13079 


0.90 618 




30 


3 


3,0 




31 


9.77 4,TO 




9.88947 




0,13 053 


9.90 609 








4,0 






s'i 


9.77473 




9.86 974 




0,13 036 


9,!10499 








6.0 








9.77490 




9.87 000 




0.13000 


9,90 4<)0 




27 




6,0 


.6. 




34 


9.77 507 




9,87037 




0,13 973 


0,90480 




36 


7 


7,0 






39 


9.77634 




9.8T053 




0.12 947 


9,90 471 




25 


8 


8.0 
9.0 


7, 




31) 


9.776*1 




9.S7 07B 




0.12031 


9,90 402 






8.1 1 


3S 


9.775.58 
9.77 576 


17 


9,87108 
9.87 132 


36 


0.12 894 
0,13 808 


9,90 452 
9,90443 




33 
23 




39 


9.7T592 




9.87158 




0.12 842 


9,90 434 




21 




JO 


9.7T609 




9.87185 




0,13 818 


9.90424 




20 




43 


9.77 626 
9.77 043 


IT 


9.87 211 
9.87 338 


OT 


0,12789 
0.12 782 


9,90 415 
9.90405 




18 


From the top : 


43 


9.77680 




9.87 264 




0.12736 


9,90 396 




17 


For 38'+ or 216°+, 


44 


9.77077 




9.87 390 




0.12 710 








read aa printed; for 


4S 


9.77 694 




9.87 317 




0,12683 


9.90 377 




15 


126°+or806=+,read^ 




9,77 711 




9,87 843 




0,13867 


9.90368 




14 




9.77 738 




9,87369 




0,12631 


0.90 308 




13 


co-function. 


48 


9.77744 




9.87 3a8 




0.12 0M 


9,90349 




13 




49 


9.77 781 




9,87 422 




0,12678 


9,00 339 








30 


9.77 778 


17 


9,87 448 


26 


0.12652 
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9.77862 




9,87080 
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27 
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9.87 764 
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53 
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0.13078 
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10 
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11.9 
13.6 
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9.78246 
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9.78320 




9:88315 
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4 
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9.78395 
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29 


9.78428 
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0.10 667 
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9.89604 
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9.B0 734 
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9.83648 




9.97 473 


0.03538 


9.86176 




40 




21 


9,83661 




9.97497 




0.03503 


9.86164 








22 


9.83674 




9.97 B23 




0.02477 


9.86 152 




S8 




33 


9.83688 




9.97 MS 




0.03453 


9.86140 




37 










2i 


9.83701 




9.97573 




0.02427 


9.86128 




36 


2 


2.6 


3.4 


2.2 


29 


9.83719 




9,97 698 




0.02402 


9.36116 




SB 


? 


3,9 


3 


I 


3.3 


26 


9.83738 




9.97 634 




0.03 376 


9.86 IM 




34 












27 


9.83 741 




9.97 649 




0J)3 391 


9.36092 
















2S 


9.83 75H 




9.97674 




0.02 336 


9.86080 




32 












29 


9.83768 




9.97 700 


26 


0.03300 


9.86063 




31 




io!4 








30 


9.83781 




9.97 725 


0.02376 


9.86056 




80 










31 


9.83795 




9.97750 




0,02350 


9.86 044 




29 




32 


9.83808 




9.97 776 




0.02 224 


9.86 032 




28 




33 






9.97 801 




0.03199 


9.86020 




37 






9!83834 




9.97826 


2S 


0.03 174 


9.86003 




26 




35 


9.83848 




9.97 861 


0.03 149 


9.86 996 




ss 




36 


9.83861 




9.97 877 




0.03133 


9.89 98* 




24 




37 


9.83874 




9.97902 




0.03098 


9.85 972 






From the fop : 




9.83887 




9.97 92T 




0.03073 


9.89960 










9.83901 




9.97 993 


26 


0.02 M7 


9.86 943 




21 


For43''+or223''+, 


40 


9.83914 




9.97978 




0.03033 


9.85 936 




20 


read as printed ; for 


41 


9,83937 




9.98003 




0.01997 


9,85 924 




19 


133°+ or 313°+, read 


43 


9.83 MO 




9.98029 




0.01971 


9.85912 




18 


GO-fimctlon* 


44 


9.83954 
9.83967 


la 


9.98 094 
9.98 079 


2S 


0.01946 
0.01921 


9,85 900 
9.85 888 


12 


17 




46 


9.83980 




9.98104 




0.01896 


9.86876 




16 


From the bottom : 


4r> 


9.83 993 




9.98130 


11 


0.01 870 


9.85864 




14 


For4G'+or2S6''+, 




9.84006 




9.98 19S 


0.01845 


9.85351 




13 


48 


9.84020 




9.98130 


25 


0.01 830 


9.35839 




12 


read aa printed; for 


49 


9,84033 




9.98206 


E 


0.01794 


8.86 337 






186°+ or 316°+, read 


60 


9.84 0*6 




9.98231 


0.01769 


9.89 815 




10 


co-function. 


61 


9.84059 




9.93 266 


0.01 744 


9,86 803 




9 




52 


9.84072 




9.98 281 




0.01 719 


9.89 791 








fJ3 


9.84085 




9.98 307 




0.01693 


9.86 779 




7 






9.84098 




9.93333 




0.01668 


9,85766 








56 


9.84 H3 




9.98 397 




0.01643 


9M7!A 




5 




56 


9.84125 




9.98 383 




0.01617 


9.35 742 








57 


9.84 133 




9.98408 


2S 


0.01592 


9.85 730 




3 






9,84 151 




9.93433 




0.01567 


9.86 713 








59 


9.84164 




9.93468 




0.01543 


9.86 70a 








60 


9.84177 








0.01616 
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46° — Logarithms of Trigonometric Functions 



90 


44° 


- 


jogarithms of Trigonometric Fnnctions 




[111 


_ 


LSia 


T" 


LTaji 


ed 


LCtai 


LOos 


d 




Prop, Pts. 





9.M1T7 




9.08434 




0.01516 


9.85693 




60 






9.84190 




9.98 509 




0.01491 


9.85 (581 








2 


9.84 203 




9.98534 




0.01466 


9,85669 








3 


9.84 21(i 




9.98 SIO 




0.01410 


9,85657 








4 


9.84 229 




9.98 585 




0.01415 


9.85 646 




66 




S 


9.84242 




9.98610 




0.01390 


9.85632 




SS 




6 


9.84 255 




9.98 635 




0.01366 


9.85620 








7 


9.84 2G9 




9.98061 




0.01 a^ 


9.85 608 










9.84283 




9.98686 




0.01 814 


9.86 696 








9 


9.84295 




9.98711 


M 


0.01239 


9.8B563 




61 




10 


9.84 308 




9.98737 


0.01263 


9.85 671 




SO 












9.34 321 




9.98 763 




0.01238 


9.86559 




4!) 


3 




6,0 




13 


9.84 334 




9.98 787 




0.01213 


9.85 M7 






3 




7.5 


4,2 


13 


9.81347 




9.98 813 




0.01188 


9.86534 






4 


10,4 


10.0 


,5,6 


14 


9.848110 




9.98 833 




0.01 162 


9,85632 




46 




13,0 


13.6 


7.0 


15 


9.81373 




9.93863 




0.01 137 


O.ffii 610 




4S 




16.6 


15.0 


84 




9.84 385 








0.01 112 


9.85497 














17 


9.84 398 




9:98 913 




0.01087 


9.86 43S 








20,8 


30.0 


11.2 


18 


9,84 411 




9.d8 939 




0.01061 


9.35 473 




42 


9 


23.4 


22.6 


12.6 


19 


9.M424 




9.98 964 


s 


0.01036 


9.35 460 




41 




20 


9.84437 




9.98 989 


0.01011 


9.86 448 




40 




21 


9.84 4B0 




9.90 OIB 




0.00980 


9.35 436 








22 


9.84 463 




9,99 040 




0.00960 


9.89423 




38 




13 


lil 


23 


9M 47U 




9.99005 


25 


0.00 93B 


9.8B411 




37 




2.6 


3-4 1 




B.84480 




9.9U090 


11 


O.0O91O 


0.35 399 




36 




3.0 


3 




29 


9.84 B02 




9.09 lie 


0.00 884 






35 


4 


6.3 


i 




2Ci 


9J!4M6 




9.99141 




0.00 859 


0.85 374 




34 


5 


6.5 






27 


9.84028 
9.84 540 


\l 


9,99166 
9.99191 


^ 


0.00 834 
0.00 809 


9.85 301 
9.86349 


12 


33 


6 
7 


7.8 
9,1 


I 


2 


29 


9.84663 




9.99317 




0,00 783 


9.85337 


IS 


31 




10.4 




6 


30 


9.84 Bee 




9.99242 




0,00768 


9.85324 


30 


9 


11.7 






ai 


9.84579 




9,99 267 




0,00733 


9.86312 








32 


9.J«693 




9.99 293 




0.00 707 


9.86399 




38 




33 


9.84 (iOB 




9.99 318 




0,00 683 


9.86287 




27 






9.84 lilB 




9.99 343 


11 


0.00 667 


9.85374 




26 




3d 


9.84 630 




9.99363 


0.00632 


9.86262 




25 




3(i 


9.81 S43 




9.99 394 




0,00 606 


9.85330 








37 


9.&1WW 
9.84 669 


13 


9.99419 
9.99444 


as 


0.00 531 
0,00666 


9.85 237 

9.86 326 


12 


22 


From the top : 




il.84(iit! 




9.9a 469 




0.00531 


9.85 213 




31 


For 44=+ or 324°+, 


40 


9.84694 




9.99 495 


i 


0.00 605 


0.86200 




20 


read as priuted; for 


41 
42 


9:84720 


ta 


9.99 520 
9,99 545 


0.00480 
0.00455 


9.85187 
9.85 175 


11 


19 
18 


184°+oc3I4''+,»ead 


43 


9.84 733 




9.99 570 




0.00430 


9.36 Ki3 




IT 


co-functloQ. 




9.34 745 




9,99 596 


11 


0.00 ilW 


9.85150 




16 




46 


9.81758 




9.99631 


0.00379 


9.36137 




15 


From the iottom : 


46 


9.84 771 




9.99 IM6 


0.00354 


9.85 126 




14 


For49=+oc2a5°+, 


47 


9.84784 




9.99 673 




0.00338 


9.35 112 




13 


48 


9.84 796 




9,99 6!t7 




0.00303 


9.85100 




12 


read aa printed; for 


49 


9.84 809 




9-99732 




0.00378 


S.85087 






135"+ or 316°+, read 


50 


9.84 832 




9,99 747 


11 


0.00 253 


9.85074 




10 




ol 


9.81835 




9.99773 


0.00 327 


0.35 063 










9.34 847 




9,B9 798 




0.00202 


9.85 049 








53 


9.84860 




9.99 833 




0.00 177 


9.35037 




7 




04 


9.^373 




9.99 848 




0,00162 


9.86 024 




6 




55 


9.84 885 




9.93 874 


z 


0.00126 


9.85 012 




5 




5e 


9.84 89S 




9.99 899 


0.00101 


9.34999 




4 




57 


9.84 911 




9,99 924 




0.00076 






3 




58 


9,M923 


la 


9.99949 
9.99975 


26 


0.00 051 
0.00025 


a»i»74 
9.84961 


'I 






ii 


9.84 949 




0.00000 






9 81 949 
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45° — Logaritlims of Trigonometric Functions 



V] Table IV 


— Degrees, 


Miuntes, and Seconds to Radians 91 


Degrees 


Minutea 


Seconds j 


0^ 


0.00000 00 


60" 


1,04719 76 


120° 


2,09439.11 


0' 


0,00000 00 


0" 


0.00000 00 




0.01745 33 




1,06465 08 




2.11184 84 




0,0002909 


1 


0,00000 48 


3 


0.03490 as 




1.08310*1 




2,13930 IT 


3 


0,00058 18 




0.00000 97 


3 


0.05235 £« 




1,09955 74 


133 


3,14676 60 








0.00001 45 




0.0698132 


64 


1.11701 or 


124 


2.16420 83 


4 


0.00116 30 


4 


0,00001 M 


6 


0.0872665 


6S 


1.1344640 


ISS 


2.1816616 


6 


0.00146 44 


5 


0.00003 43 




O.IMTI^ 




1.1619173 


136 


3.1901149 


6 


0.00174 63 


6 


0.00003 91 


7 


0.13317 30 




1.1093708 


127 


2.2165683 


7 


0.00203 02 


7 


0.00003 39 




0.1396363 




1,18683 59 


128 


2.2340314 


8 


0.0033271 


8 


0.0000388 




0.197071)0 




1.2043773 


139 


3.2514747 




0.0036180 




0.0000436 


10 


0.17453 39 


70 


1.3317805 


130 




10 


0,0029089 


10 


0.00004 86 


11 


0.19198 63 


71 


1.2391838 


131 


2:2803813 




0.0031998 




0,00005 33 


13 


0.20943 96 


7a 


1.256637! 


133 


2,3033346 




0,0034907 


13 


0.00005^ 


13 




73 


1.3740904 


133 


3,3313870 


13 


0,0037815 


13 


0,00006 30 




0!2443461 


74 


1.29IM36 


134 


3.33ST412 


14 


0,0(40724 


14 


0,0000679 


IS 


0.2617994 


76 


1.30899 89 


136 


2.3661946 


16 


0,0043633 


16 


0,0000737 




0.37936 37 




1,3264502 


130 


3,37364 78 


16 


0,00463 43 


16 


0,0000T 76 


17 


0.2967000 




1,34.390 35 


137 


2.39110 11 


IT 


0,0I»94 61 


IT 


0.00008 24 


18 


0.3141S93 


78 


1.3613568 


138 


2.40855 44 


18 


0,0052300 


18 


0,00008 73 


IQ 


O.^i0i.a6- 
0.^0069 


79 


1.3788101 


139 


2,42600 77 




0.0055269 


19 


0,00009 31 


20 


80 


1.39636 34 


140 


2,4434610 


30 


0,0068178 


30 


0,0000070 


31 


0.36651 91 


81 


1.41371 67 


141 


2.4609142 


31 


0,00610 87 


21 


0,00010 18 


22 






1.4311700 




2.4783676 




0,0063995 


23 


0,0001067 


33 


0.40142 57 


83 


1.44862 33 


143 




23 


0,0066904 




0.00011 16 


24 


0,41887 90 


84 


1.46007 66 


144 


2,5132741 


24 


0,0069813 


24 


0.0001164 


S5 


0,43633 23 


86 


,4836299 


145 


2.B307374 


36 


0.0072T 32 


26 


0,0001312 


ae 


O.45ST860 




,6009833 




3.5431807 


26 


0,00750 31 


26 


0,00013 61 




0.47123 89 


S7 


.5184364 


147 


2.96563 40 


37 


0.00786 40 




0.0001309 


28 






.63588 97 


148 


3.5830873 




0.0081449 




0,0001397 




0!e061456 


89 


1,553^30 


149 


2.60064 06 


29 


0.0084368 


29 


0.0001406 


30 


0,6336988 


90 


1.6707963 


160 


2,6179939 


80 


0.00872 66 


30 


0.00014 54 


31 


0,54105 21 




1,68834 90 


151 


3.63544 72 


31 


0.00901 75 


31 


0.0001903 


33 


0,65830 64 




1.6057030 




2.65290 05 


S3 


0.0003084 




0.00016 61 




0,57595 87 


93 


1,62316 03 


193 


2.67035 38 


33 


0.0095993 


S3 


0,00016 00 


3i 


0,5934119 


M 


1,M060 95 


154 


2.68780 70 


34 


0.0098902 


34 


0,0001648 


3S 


0,61086 G3 


96 


1.66806 23 


155 


2.7052603 


35 


0,0101811 


39 


0,0001097 


36 




96 


1.6755161 


156 


2.72371 36 


30 


0,01047 20 


36 


0,00017 45 


37 


0]fi4977 18 


97 


1.6929694 


167 


3.7401669 




0,01076 29 


37 


COOOIT M 


3S 


0,6632361 




1.71043 27 


158 


2.7570303 


38 


0,01106 38 




0.0001842 




0.0800784 


99 


1.T27S700 


169 


2.7760735 


39 


0,0113446 




0.00018 01 


40 


0.6981317 


100 


1.74933 93 


160 


3.7925368 


40 


0.0116365 


40 


0.00019 39 


11 


0.7156860 


101 


1.7627835 


101 


2.8099801 


41 


0.0119364 


41 


0,0001988 




0.7330383 


102 


1.78023 58 


162 


2.8274334 


42 


0,0122173 


43 


0.00020 30 


43 


0.7904916 


103 


1.79768 91 


163 


2.8448867 




0,0126083 


43 


0.00020 85 


a 


0.7679449 


IM 


1.8151424 


164 


2,8623400 


44 


0,01279 91 




0.0002133 


4S 


0.7363982 


lOS 




165 


2,8797983 


46 


0.0130900 


45 


0.00021 82 


M 


0.8028516 


106 


i:85004BO 




2,8972466 


46 


0.0133809 


46 


0.0003330 


47 


0,82030 47 




1.86750 3;) 


167 


3,91469 09 


47 


0.01367 17 


47 


0,00023 T9 




0.83776 80 


108 


I.S849656 


168 


3.93215 31 




0.01396 26 


48 


0,0003337 


49 


0.8552113 


109 


1.9024089 


169 


3.M960 61 


49 


0.01425 S5 


49 


0,0002376 


60 


0.8726646 


1 


1.0198622 


170 


2.96706 97 


50 


0.0146444 


GO 


0,0002424 




0,8901179 


1 1 


1,9373156 


171 


3.9^51 30 


51 


0.0 483 53 




0.0002473 


53 


0,90757 13 


1 3 


1.95476 88 


173 


3.00196 63 


53 


0.0 513 63 


62 


0,00025 21 


53 


0,9250345 


1 3 


1.97223 21 


173 


3.0194196 


53 


0,0 54171 


53 


0,00025 70 


M 


0,9^7 78 


114 


1.98967 53 


174 


3,03687 29 




0,0 57080 


54 


0.0002618 


9S 


0.9.599311 


115 


2.0071286 


175 


3,0^3363 


S6 


0.0169989 


55 


0.0002666 


56 


0,9773844 


116 


2.0245819 


176 


3,0717796 


56 


0,0162897 


56 


0.0002715 


57 


0.994R3 77 


117 


2.IM20352 


177 


3,08923 38 


6T 


0,0166806 


67 


0.00037 63 


58 


1,0132910 


118 


2,06948 85 


178 


3,10668 61 


58 


0.0168716 


58 


0.0002812 


59 


1,0397443 


119 


2,0760413 


179 


3.1241394 




0,01716 34 




0.00028 60 


eo 


1,04719 70 


120 


2,0943961 


180 


3,14159 27 


GO 


0,01745 33 


60 


0,0002909 



Y — Eadiam Measure — Trigonometric Fnnctions 



2° 17' .6 
2''51'.9 
3" 26',3 



10° 18'.8 
10°0a'.i} 



17° 46' .7 
18°20'.l 
18" M'.5 



29° is'.e 

25°47'.0 
2*l°31'.a 



1 


Sinx 


COB». 


Tana: 




.eo 


.47943 


.87758 


.6*630 


28= 38'. it 


.31 

.64 
J)9 

.57 
.68 


.48818 
.49688 
.60953 
J11414 
;93119 
.63963 
JS4802 
.55630 


.87274 
!86231 
.85771 
.862S3 
.84726 
.84190 
.83618 
.83004 


.66036 
.97296 
.58592 
.59M3 
.61311 
.62695 
.64097 
.65617 
.66996 


30° 13' .3 
29= 47' .6 
30°32'.0 
30° 56' .4 
31° 30', 8 
3a°06'.l 
5a=39'.5 
a3=lS',0 
33= 48' ,3 


.60 


.56464 


.82534 


.68414 


34° 22' .6 


.61 

.62 

.64 
.67 

'm 


.57287 
.58104 
.68014 

:60519 
.61312 
.62099 
.63370 
.6:«54 


.81965 
.81388 
.80803 
.80310 
.79{i08 
.78990 
.78332 
.77767 
.77135 


.69392 
.71391 
.72911 
.74454 
.76020 
.77610 
,79225 


34°67'.0 
35°31'.4 
36= 05' J* 
36°40'.2 
3ri4'.5 
37°48'.0 
38°23',3 
30°32';o 


.70 


.64422 


.76484 


.84229 


40= 00' .4 




71 
T2 
73 

75 
7« 
77 
78 
71) 


.69183 
.65938 
.66687 
.67429 

.69614 
.70338 
.71035 


.75836 
>4317 
.73847 
.73169 
.73484 
,71791 
.71001 
.70385 


.86953 
.87707 

.91309 
.93100 
.95065 
.96967 
1.0093 


40°40'.8 
41° l,'j'.2 
*1°*9'.6 
42= 23' .9 
*2=58'.3 
*3=32'.7 
44=07'.l 
4*=41'.4 
45° 15' .8 


.80 


.71736 


.69671 


1.0296 


45° 90' .2 




81 
82 
83 
84 
86 
87 


.72+29 
.73116 
.73793 
.744^ 
.79128 
.75734 
.76433 
.770T4 
.77707 


!68333 
.87488 
.66746 
.65098 
.65344 
.6*483 
.63715 
.62041 


1.0505 
1.0717 
1.093* 
1.1166 
1.1383 
1.1616 
1.1863 
1.2097 
1.2346 


46°24'.6 
46=E9'.0 
47= 83' .3 
*8°07',7 
48=42'.l 
40°16'.9 
49=E0'.8 
50°25'.2 
50=E9'.6 


90 


.78333 


.62161 


1.2603 


91°34'.0 




91 
98 
94 
95 
96 
9T 


.78960 
.79S60 
.80162 
.80756 
.81343 
.81919 
.82*89 
!83H03 


.61375 
;99783 

!S8168 
.57303 
.56630 
.55703 


1.3864 
1.3133 
1.3400 
1.3693 
1.3984 
1.4384 
1.4692 
1.4910 


63° 08' .3 
52° 42' .7 
53=17'.l 
53°61'.6 
54° 25'. 9 
66° 00' .2 
55= 34' .6 
56°09'.0 


1.00 


.84147 


.54030 


1.5574 


57°17'.7 



T — Eadiau Measure — Trigonometrie Functions 



ai'>io'.3 

64° ii'.l 
60° 19' .0 



69° 19' .7 
70° 28' .4 
71'>02'.S 
7I''ST'.2 
72° ll'.6 
73°4S'.9 
73" 20' .3 
73° 64' .7 



TT radians = 180° 



s 


Sin IB 


OOBOC 


TaUK 




1.30 


.963.W 


,26750 


3.6021 


74''29'.l 


1,31 
l!33 
1.34 
1.35 
1.36 
1.3T 
1.38 
1.39 


.96818 
.9G872 
.97115 

.97348 
.07672 
.97786 
.97991 
.98185 
.98370 


.25786 
.24818 
,23848 
.23876 
.21901 
.20024 
.19946 
.18964 
.17981 


8.7470 
4^0723 
4.3856 
4.4562 
4,6734 
4.9131 
6.1774 
5.4707 


75° 03' .4 
75° 37' .8 
76° 13' .2 
76° 46' .6 
77''21'.0 
7r55'.3 
78°29',7 
79°0i'.l 
79° 38' .6 


1.40 


.98545 


.16997 


6.7979 


80° 12' .8 


1.41 
1.42 
1.43 
1-44 
1.46 
1.46 
1.47 
1.48 
1.49 


.98710 
.98865 
.99010 
.99146 
.99271 
.99387 
.9M92 
.99588 
.99674 


.16010 
.16033 
.14033 
.ISMa 
.12050 
.11067 
.10063 
.09067 
.08071 


6.1664 
6,6811 
7.0555 
7.6018 
8.2381 

9.8874 
12;350 


80°47'.2 
81° 21'.6 
81°56'.0 
82°30;,4 

84° 13' .6 
84° 47' .9 
86° 22' .3 


l.SO 


.99749 


.07074 


14.101 


85° 66' .6 


l!53 
1.54 
1.66 
1.56 
1.57 
1.58 
1.69 


.99815 
.99871 
.99917 
.99953 
.99978 

1.0000 
!9B982 


.06076 
.06077 
.04079 
.03079 
.02079 
.01080 
.00080 
-.00920 
-.01920 


16.428 
19.670 
24,498 
32.461 
4S.U78 

1265.8 
-10&65 
-02.067 


86°31'.0 
87= 05' .4 
87° 39' .8 
88° 14'.I 
88°48'.5 
80°22'.0 
89°57'.3 
90° 31' .6 

9i°oe'.o 


1.60 


.99957 


-.02920 


-M.338 


91° 40' .4 



1 radian = 57° 17' 4 



TABLE Va— KADIANS TO DEGREES 





..™ 


Tekths 


.„„.. 


™„™ 


TER-TBODeABDITie 




57°I7'44".S 


5''4;i'46",S 


0°34'32".a 


0° 3'2G".3 


0° 0'20",6 




H4°35'ai)".6 


ll°a7'33",0 


1° 8'45" 


■1 


0° 6'53",5 


0° 0'41",3 




171°53'14"-4 


17°11'11)".4 


1°43'07" 


■1 


iyiO'18".8 


0° 1'01".9 














0° 1'22".5 


















343°46'38".8 


34°22'3H".9 


3°26'15" 




0°20'37".6 


0° 2'03".S 


H 


401° 4'13".6 
46S°21'58",4 


40° 6'2n".4 

4n°no'ii".8 


4° 0'3H" 
4°35'01" 


6 


0°24'03".9 
0°27'30'M 


0°3'0e^6 




515°39'43".3 


61°33'SS".3 


5° 9'33" 


8 


0°30'56".4 



Tal)le VI — Powers — Roots — Eeciprocals 



1.03441 
1.03923 
1.04403 



3.37100 
3.386M 
3.301B1 



1.01318 
1.01640 
1.01961 



2.20358 
3.21(42 
2.21722 



1.2996 
l!3456 



1.3B763 
1.40493 
1.44290 



3,47851 
3.49285 
3.S0714 



1.05373 
1.0B672 
1 .05970 



1.9S312 

2.04S38 
2.09715 



3.40610 
2.46038 
2.51546 



2.36928 
2.37S21 
2.38110 
2.38687 
3.39280 
2.39861 
2.40439 



1.12136 
1.12899 
1.12603 



2.41587 
2.42156 
2.42T24 



I.13T03 
1.13960 
1.14210 



3.44986 
2.46520 
3.46073 



Q^UlWy . 



Powers — Roots — Reciprocals 



2.S10Q 
3.3716 
2.4025 

2.i649 
2.4964 



3.44296 
3.B1181 
3.68158 



a.48TM 
2!4<J867 



4.25441 
4,26016 
4.2778B 



2.03649 
2.54067 
2.M6S2 
2.0S095 



1,20964 
1.31193 
I.2U18 



2.64001 
2.64479 
2.64<B4 



4.40454 
4.415SS 
4.43719 
4.43S47 
4.44973 
4.460M 



7.18906 
7.30138 
7.41488 



1.24073 
1.243S9 
1.24B05 
1.24719 
1.24933 
1.25146 
1.26359 
1.36571 



Powers — Boots — Eeciprocals 



1.41774 
1.42127 
1.4347S 



148330 
t.4M44 
1.80655 



8.12060 
8.34341 
8.366*3 



6.85777 
6.86746 
8.87713 



1.61519 
4.62601 
4.636S1 



1.47309 
1.47618 
1.47986 



6,S8142 
5.990T3 
6.00000 



3.80638 
2.81050 
3.8I473 



1.31434 
1.3161T 
1,31809 



6.06413 
6.07318 
6.08220 
6.09120 
6.10017 
6.10911 
6.11803 



6.13579 
6.14463 
6.1S34S 
6.16234 
6.17101 
6.17976 
6.13846 
6.19715 
6.20683 



1.92950 
4.93964 
4.94976 



1.340T3 
1.34257 
1.^442 



1.35176 
1.36368 
1.36640 



6.26732 
6.36083 
6.27431 



</Wn ^100 M 1/M 



Powers — Roots — Reciprocals 



Vw 



■^n 



1.58745 
1.890eo 
1.BB374 
1JS9687 



6.oonw) 

5.019<J6 

B.oauai 



15.8133 
16.0030 

ie.iM3 

16.3871 
16.0811 
16.7772 
16.9746 
17.1735 
17.3740 



1.63401 
1.63707 
1.64012 



7.6078 
7.5626 
7.6176 



1.40441 
1.40610 
1.40778 



I.6M11 
1.H9706 
1.70000 



3.01T40 
3.05098 
3.06466 



1.43111 
1.42276 
1.42440 



1.T1164 
1.71766 
1.72M7 



6.43139 
6.44069 
e.44»77 



1.42768 
1.42931 
1.43094 



1.43743 
1.43904 
1.44065 



Powers — Boots — Reciprocals 



Vii, 



-5^ 



1.73*W 
1.73781 
1.74009 



1.752H 
1.75i99 
1.7B784 



551362 
e.53173 
6.S4076 
6.6*977 
6.6SS78 



1.76918 
1.77200 
1.77483 
1.7T7M: 
1.78046 
1.78326 
1.73606 



■27.2709 
a7.M36 
27.8181 
i.0946 
J.3726 
^.6328 
^.9344 



ti.«7674 
6.68570 
6,69464 



30.9591 
11.2559 
(1.5B45 



6.70176 
6.70i)17 
6.71667 



1.4flaiO. 
1.45967 
1.46123 
1.4627a 
1.464^ 
1.46590 



1.14476 
i.14812 
1,16148 



3.17480 
3.17811 
3.18140 
3,18469 
3,18798 
3.19129 
3.1M52 
8.19' 



1.83676 
1.83848 
1.84120 



6.77927 
6.78793 
6.79666 
6.80517 



1.49480 
1.4ai29 
1.4B777 



6,94515 
6.95206 
6.968^ 



B.8736T 
5.88218 
6.89067 



39.6518 
40.0017 
40.3B36 
40.70TS 
41.0636 
41.4217 
41.7819 
42.1442 
43.5085 



3.24278 
8.34696 
3.24911 



Powers — Roots — Reciprocals 



*» i^ion </imn 



6.92453 
5.93396 
5.91138 



43.2136 
43.61ia 
43.9870 



47,0459 
47.i379 
47.8331 



3.30198 
3.80803 
3.31107 



1.64249 
1.54380 
1.-54529 



13.9876 
14.0325 
14.1376 



3.34419 
3.34T16 
3.36014 



6.17263 
6.18061 
6.18870 



1.9S469 
1.96733 
1.93a77 
1.97231 



IJiTOOl 
1.57137 
1.57271 



61.J630 
6a!0991 



3.40564 
3.40861 

3.41138 
3.41424 
3.41710 



Powers — Roots — Eeciprocals 



2.0099S 
2,01346 
2.014M 



6,379fi6 
6.88749 
6.39531 



65.4508 

66^4301 
66,9234 
67.4191 
67.9173 
63.4179 



6.40785 
6.46529 
6.47303 



70.ffi 

71.4734 

71.0913 

73.5117 

73.0346 

73.B601 



74.0! 



3.0B183 
2.06426 
3.OB670 



7.44103 
7.44703 
7.453IM 
7.4691M 



3.46773 
3.47050 
3.47327 



6.E3453 
6.54317 
6,54981 



3.49523 
3.49796 
3,50068 



6,66506 
6.57367 
6.68037 



3.51423 
3,51693 
3.51963 



2.10713 
3,10950 
2.11187 



Powers — Itoots — Reciprocals 



32.1841 
23,27^ 
22.3729 



3.14709 
2.I4M2 
a.10174 



2.I77IB 
3.17MB 
2.18174 



3.66740 
3.57002 
3.67263 



7.74175 
7 74731 
7.75280 
7.75840 
7 763t* 
7.76&4ii 



7.78W9 
7.78599 
7 79149 



3.19317 
2.19B45 
3,19773 
2.20000 
2.20227 
2.204i» 



3.63676 
3.03928 
3.64180 
3.64431 



34.1081 
34.2064 
24.3(49 



2.32711 
9.22935 
3.23159 



7.02851 
7!04273 



3.66179 
3.66428 
3.66676 



1.70311 
1.70426 
1.70540 



T.90513 
7.01046 
7.91678 
7,93110 
7193171 



Powers — Boots — Reciprocals 



23.1001 
25.2004 
25.8001) 



2.23S30 
2.240B4 
2.34277 



130.324 
131.097 
131.873 



1.71566 
1,71679 
1.71793 
1.71!)09 
1.72017 



3.70114 
3.7aSB7 
8.70600 



7.9B 
7.96337 
7.S6603 
7.W3S7 
7.97911 
.98434 



1.73342 
1.72356 
1.72467 



135.797 
136.691 
137.388 



1.72914 
1.73025 
1.73131 



3.71810 
3.730H1 
3,73292 
3.73532 
3.72772 
3.73013 



7.21803 
7.234B6 
7.23187 



141.431 
142.237 
143.056 
143.878 
141.70;i 
145.632 



7.25948 
7.26636 
7.27S24 



3.73490 
3.73r29 
3.73968 



154.854 
lBfl.721 
156.591 



1.74789 
1.74898 
1,76007 
1.76116 
1.76234 
1.76333 



3.77376 
8.77609 
3.77743 



29.8116 

30J33O4 . 
30.1401 



1.75549 
1.7S657 
1.75766 



3.78B07 
3.79139 
S.79S71 



1.76196 
1.76303 
1.76410 



Powers — Roots — Reciprocals 






<^ 



i'lOn 



3.S4T34 
2.MiB7 
2,3G160 



7.M312 
7.44983 
7.16S54 



17694* 
1.77051 
1.77157 



3.S1215 
S.S1444 
3.81673 



8.24747 
8.26237 
8.25726 



1.78003 
1.78108 
1.78213 



2.40000 
2.40208 
2.40410 



2.41661 
2.4186S 
2.42074 



34.4.'!6g 
34.5744 
34.6921 



7.62234 
7.62889 
7.63544 
7.64199 
7.64853 
7.06606 
7,66189 
7.66812 
7.67463 



193.100 
193.101 
m-lO B 
195.113 
]%.123 
197.137 
198,165 
109.177 
200.202 
201.230 



3.87310 
3.37532 
8.87764 



2,43105 
2.43311 
2,43516 
2.43721 
2.43026 
2.44131 



7.70714 
7.71392 
7.72010 
7.72B68 
7.73305 
7.73951 



3.90177 

sigoeis 



8.39194 
8,39667 
8.40140 
8,40612 
8 41083 
8.41664 



Powers — Boots — Reciprocals 



7,76243 
7.75887 
7.76631 



2.16764 
2.46967 
3,46171 
2.46374 
2,4ffl»77 
2,46779 



2.48395 
2.43696 
2.48797 



219.266 
220.349 
221.446 



7.81685 
7.83304 
7.82!M3 



39,1876 
39,3129 
39.4384 



2.49199 
2.49399 
2.49600 
3.49800 
2.50000 
3.60200 
2Ji0400 
2,50599 
a.0OT9« 



40,1956 
40.3225 
40,4496 



41.4738 
41.6025 
H.7316 



2.53772 
2,63969 
2,54165 



13.8241 
43.956!) 
44.0891! 



Powers — Boots — Reciprocals 



42.7716 
42.9025 
43.0336 



2.56320 
2.56B15 
2.66710 



a.67294 
a.B7488 
2.5T682 
3.57876 



1.86721 
1.86817 
1.S6912 
1.37008 
1.ST103 
1.87198 



1.87956 
1.88050 
1.881*4 



8.18701 
8.17313 
8.17924 



45.4276 
i6'.b-976 



8.76772 
8.77205 
8.77638 
8.78071 
8.78503 



8.35227 
8.25833 
8.2^il8 



40.7856 
46.fl22S 
47.0596 
47.1969 



317.215 

320.014 
321.410 



4.10948 
4.11145 
4.11342 



lOG 




Powers— Roots — 


Reciprocals 




LVi 


» 


n^ 


VU 


VMH 


m= 


<^ 


■e^io^ 




1/n 


^100 «. 


7.00 


49.0000 


2,64579 


8.36660 


343,000 


1.9129:) 


4.13129 


8.87904 


,142857 


7.01 
7^03 


49.1401 
49.38IM 
49.4209 


2,64764 
3,64963 
3,65141 


8,37257 
8.37864 
8.38461 


344.473 
345.948 
347.439 


1.91384 
1.91476 
1,91666 


4.13336 
4.12521 
4.13716 


8.88327 
8,88749 
8.89171 


.143653 
.142450 
.142348 


7.04 
7.05 
7.06 


49.5618 
49.7029 
49.8436 


3,65330 
2,66616 
3.65707 


8.39047 
8.39643 
8.40238 


348.914 
350.403 
361.896 


1.91667 
1.91747 
1.91838 


4.12913 
4.13107 
4.13303 


8.896.93 
8.90013 
8.90434 


.142045 
.141844 
.141643 


7.07 
7.08 


49,9849 
50.1264 
50.2681 


3.65895 
2.66083 
3,66371 


8.40833 
8.41427 
8,42021 


3d4!s95 
396.401 


1.91929 
1,92019 
1.9310!) 


4.13498 
4.13693 
4.13887 


8.90854 
8.91274 
8.91693 


.141443 
.141343 
,141044 


7.10 


80.4100 


2.I564.W 


8.42615 


357.911 


1.92200 


4,14082 


8.92113 


.140845 


7.11 
7.12 
7.13 


50!6944 
50.8369 


2!6I)833 
3,67021 


8.43208 
8.43801 
8.44393 


359.425 
360.944 
363,467 


l!93380 
1.92470 


4,14276 
4.14470 
4,14664 


8,92531 
8,92949 
8.93367 


.140647 
!l40252 


7.14 
7.15 
7.16 


50,9796 
61,1235 
61,2656 


3,67208 
2.67395 
3,67583 


8.44985 
8.45577 
8.46168 


363.994 
365.526 
367,063 


1.92560 
1.^690 
1.92740 


4,14858 
4.15053 
4.15345 


8.93734 
8,94201 
8.94618 


.140056 
.139860 
.139665 


7.17 
7.18 
7.19 


51,4089 
Bl,5524 
Sl.6%1 


2.67769 
2,67955 
2,68142 


8.46759 
8.47349 
8.47939 


368.603 
370.146 
311.696 


l!92919 
1.93008 


4.16438 
4,15631 
4,15824 


8.95034 
8.96460 
8.95866 


.139470 
.139276 


7.20 


51,8400 


2.68328 


8:48538 


373,348 


1.93098 


4.16017 


8,96281 


.138889 


7,31 
7.22 


51.9841 
52.1284 
62.2739 


3,68514 
2.68701 


8.49117 
8,49706 
8.502M 


374,805 
376.367 
377.933 


1.93187 
1.93277 
1.93366 


4.16209 
4.16403 
4,16594 


8.966B6 
8.97110 
8.97524 


,138896 
.138604 
.138313 


7.24 
7.35 
7.28 


52.4176 
63,S(>25 
62,7076 


2,69073 
2,69358 
3,69444 


8:52056 


379.503 
381:078 
382,667 


1.93^S 
1,93544 
1.93633 


4.16786 
4,16978 
4.17169 


8,97938 
8.98361 
8,98764 


,138)33 
.137931 
.137741 


7.37 
7.38 


63:9984 
53,1441 


3.69629 
3,69815 
3,70000 


8.52643 
8.63229 
8,53816 


364,241 
387!420 


1.93722 
1.93810 


4,17361 
4,17552 
4,17743 


8,99176 
8.99688 
9.O000O 


.137553 
.137863 
.137174 


7,80 


63.2900 


3.70185 


8.64400 


389.017 


1.93988 


4,17934 


9.00411 


,136986 


7,31 


63.4361 
53.5824 
53.7289 


3.70370 
3.70555 
3.70740 


8,54985 
8.0BB7O 
8.56154 


390,618 
392.22.^ 


1.94076 
l!94363 


4,18139 
4,18315 
4.18506 


9.00822 
9.01333 
9,01643 


.136799 
.136612 
.13^36 


7.34 
7.35 
7,36 


53.3758 
54,0226 
M.1696 


3.70924 
2.71109 
a.71293 


8.66738 
8.57321 
8.67904 


395.447 
!i97.065 
398.688 


1.S4341 

i.ftwao 

1.W18 


4,18698 
4,18886 
4,19076 


9,02063 
9.02462 
9,02871 


.136240 
.136064 
.1358(0 


7-.S7 
7.38 
7.39 


54.3169 
54-4644 
54.6121 


2,71477 
3.71662 
3.71846 


8.68487 
8,69069 
8.59651 


400.316 
401,947 
403.583 


1,94606 
1,M694 
l.iM783 


4.19266 
4.19456 
4.19644 


9!04097 


.13S6S5 
.135501 
.185318 


7.40 


64.7600 


2.72039 


8,60333 


405.234 


1.94870 


4,19834 


9,04604 


.136135 


7.41 
7.42 
7,43 


54.9081 
55.0561 
Sl,3049 


2,72213 
3.72397 
2.72530 


8.60814 
8.61394 
8,61974 


406.869 
408.618 
410.173 


1.94957 
1.99046 
1.95133 


4.20023 
4,30213 
i.2W0O 


9.04911 
9.05318 
9,05729 


,134963 
,134771 
.134590 


7.44 
7.45 
7.4(5 


56.3536 
55.5025 
55,6516 


2.7376* 
2.72947 
2.731B0 


8.63694 
8.63134 
8,63713 


411.831 
413.494 


1 195307 
1,95395 


4^20777 
4.20966 


9.06131 
9,06537 
9,06M2 


.134409 
,134238 
,134048 


7.47 


65.8009 
55,9504 
66,1001 


2.73313 
2.73496 
2,73679 


8.64293 
8.64870 
8.B5448 


416.833 
418,509 
430.190 


1,96483 
1.95569 
1.99656 


4.21153 
4.21341 
4.31829 


9.07347 
9.07762 
9.08166 


!l33690 
.133511 


7.50 


66.3500 


2,73861 


8.66026 


421.875 


1.99743 


4.31716 


9,08560 


.133333 


» 


W,^ 


V^ 


V10» 


n^ 








1/n 


^«. 


^10 n 


-e'loo** 



Powers — Roots — Reciprocals 



2.T5136 
a.70318 
2.76500 



58.3tH)(i 



8.74071 
8.74643 
8.75214 



2,769*8 
2.77128 
2.77308 



449.944 
447.B9T 
449.45S 



L.flr>95i 
L.97M0 
1.97128 
L.9T211 
:.97297 



9.15S74 
9.IB771 
9.16169 



2.77669 
2.77849 
2.78029 
2.78209 
2.783B8 
2.78568 
2.78747 



1.97554 
1.97639 
1.97724 



1.978<I3 
1.97980 
1.9S06B 
1.98150 



1.26717 
:.efi900 
:.2r083 



2.79464 
3.79643 
2.79821 



S1.4ffi!6 
6l!7796 



487.443 
489.3M 
491.169 



4<U.914 
496,703 
498.677 



4.27448 
4.27031 
4.27813 



504.358 
506.262 
608.170 



9.27156 
9,27544 
9,B793I 



dt, Google 



Powers — Roots — Reciprocals 



2.831% 
2.83373 
2.835*9 
a.8372G 



(iG.1249 
6S.2»ii 
6B.4481. 



65.7721 

ee.09ei) 



2.00912 
2.00995 
2.01078 



2.0110T 
2.01480 
2.01571 



i8.2276 
16;5584 



2.03114 
2.02325 
2.02307 



70.7381 
70.89M 
71,0649 
71,2336 
71.4025 
71.5716 



9.16515 
t.nOfil 
f.l7606 
9.18150 
9.18(i95 
9.19239 



594.823 
596.948 
699.077 



4,37430 
4.37604 
4.37T78 



Ho;-dt,CoOgk' 



Powers — Roots — Reciprocals 



n 


n" 


v^ 


vio^ 


»8 


Vn 


■eTo^ 




1/M 


^imn 


s.eo 


73.2500 


2.91548 


9.21954 


614.125 


2.M083 


4.39683 


9.47268 


.117047 


8.51 
8.52 
8.53 


72.4201 
73J1904 
72.7609 


3.91719 
2.91890 


9.32497 
9.23038 
9.23680 


616.295 
618.470 
620.650 


2.04163 
3.IM348 
2.(m23 


4.39356 
4.40028 
4.40200 


9.47640 
9.48011 
9.48381 


.117509 
.117371 
.117233 


8.56 
8.56 


72.9316 
73.1035 
78.2736 


3.92233 
2.924M 
3.9257S 


9.24121 
9.24662 


625!O20 
627.322 


2.0*402 
2.M482 
2.0*562 


4.40872 
*.*0343 
*.*07I5 


9.48782 
9.*9122 
9.4M93 


.117096 
.116959 
.116822 


8.flT 
8.58 


73.44*9 
73.6164 
73.7881 


2.92746 
2.92916 
3.93087 


0.25748 
9.26283 
9.36823 


629.423 
633^840 


2.0*641 
2.04721 
2.04801 


4.40887 
4!*1229 


9.498t;i 
9.50231 
9.50600 


.116686 
!ll6414 


S60 


73.9600 


3.93253 


9.27362 


636.036 


2.0*880 


4.4I400 


9.60989 


.116279 


8.(i3 


74.1321 
74.3044 
74.4769 


2.93438 
2^93769 


9.27901 
9.28*40 
9.28978 


638.277 
640.604 
642.736 


2.04959 
2.06039 
2.05118 


4.41671 
4.41742 
4.41913 


0.B1337 
9.61705 
9.52073 


.116144 
.116009 
.115875 


8.R!l 
8.fi5 
8.66 


74.6496 
74.8225 
74.9956 


2.93939 
2.94109 
2.94279 


9.2.9516 
9.3005* 
9.30591 


6*4.973 
647.213 
649.463 


2.06197 
2.06376 
3.05355 


4.42084 
4.43254 
4.42425 


9.524*1 
9.52808 
9.53176 


.115741 
.116607 
.115473 


8.67 


70.1669 
75.3434 
75.5161 


2.94449 
3.94618 
2.M788 


9.31128 
9.31663 
9.32202 


631.71* 
653.972 
666,236 


3.05*34 
3.05513 
2.06592 


4.42696 
4.42766 
4.42935 


9.53542 
9.53908 
9.54274 


.116340 
.115207 
.115075 


8,70 


76.6900 


a.M.958 


9.33738 


658.603 


2.06671 


4.4.S105 


9.646*0 


.114943 


8>a 


75.8641 
76.03S4 
76.2129 


2.95137 
2.95296 
2.M46H 


9.33374 
9.33K09 
9.34346 


660,776 
663.055 
665.339 


3.06750 
2i06907 


4.43374 
4.43444 
*.*3613 


9-66006 
9.65371 
9.65736 


!ll4679 
.114848 


8.74 
8.75 


70,3876 
76.5625 
70.73T6 


a.95635 
2.93804 
2.95973 


9.34880 
9.35414 
9.33949 


667.628 
669.922 
672.221 


3.06986 
2.0S064 
2.06143 


4.43783 
4.43952 
4.4*121 


9.56101 
9.56466 
9.36830 


.114416 
.114286 
.114155 


8.77 
8.78 


7710884 
77.2641 


2.96142 
2.96311 
2.96479 


9.3B483 
9.37017 
9.37330 


674.626 
676.836 
679.161 


3.06221 
2.06299 
2.06378 


4.44290 
4.44469 
4.44627 


9.37194 
9.57667 
9.57931 


.114025 
.113895 
.113766 


8.80 


77.4400 


3.96648 


9.38083 


681.472 


2.06436 


4.44796 


9.68234 


.113636 


8!83 


77.6161 
77.7924 


3.96816 
2.96985 
2.97163 


9.38616 
9.39149 
9.39681 


683.798 
686.129 
688.463 


2.06334 
2.00612 
2.06690 


4.44964 
4.46183 
4.46301 


9.58647 
9.69009 
9.59373 


.113507 
.113379 
.113250 


8.84 
8.85 


78.1466 
78.3225 
78.4996 


2.97321 
2.97489 
2.97658 


9.40313 
9.40744 
9.41376 


690.807 
693.164 
693.606 


3.06768 
2.06846 
2.0692* 


4.45469 
4.45637 
*.*5805 


9,39734 
9.60096 
9.60457 


.113122 
.1129iB 
.112867 


3.87 


78.6769 
78.8544 
79.0331 


2.9783B 
2.97993 
2.98161 


9.41807 
9.42338 
9.43868 


697.864 
700.227 
702 .6^ 


3.07003 
2.O703O 
2.07167 


4.46973 
4.46140 
4.46307 


9.60818 
9.61179 
9,61540 


.112740 
.112613 
.112486 


8.90 


79.2100 


2.98329 


9.43398 


7M.969 


2.07236 


4.46475 


9.61900 


.112360 


8.91 
8,93 


79.3881 
79.6664 
79.7449 


2.9S496 
2.9866* 
2.9SS31 


9!44458 
9.41987 


707.348 
709.733 
712.122 


2.07313 
3.07390 
2.07468 


4.466*2 
4.46809 
4.46976 


9.63200 
9.62620 
9.62980 


.112233 
.112108 
.111983 


8,91 


79.9236 
80.1033 


2.98993 
3.99166 


9.45318 
9.4m4 
9.46573 


714.617 
716.917 
719.833 


2.07546 
2.07633 
3.07700 


4.47142 
4.47309 
4.47476 


9.63339 
9.63698 
9.6406T 


.111357 
.111733 
.111607 


8;99 


80.4609 
80,6404 
80.8201 


3.99500 
2.99666 
2,99333 


9.47101 
9.47629 
9.48166 


721.734 
724.161 
736.573 


2.07777 
3.07854 
3.07931 


*.476*2 
4.47808 
*.4797* 


9.64415 
9.64774 
9.66182 


.111*83 
.111359 
.111235 


0.00 


81.0000 


3.00000 


9.48683 


739.000 


3.08008 


4.48140 


9.65489 


.111111 


n 


n)' 


VS 


VJfhi 


n» 


-s^ 


i^WTi 




1/n. 


■S'lOOn 














X 


,oogl 





Powera — Boots — Reciprocals 



81.7210 
81.9036 
8^.0836 



83.17*4 
B.5396 



9,49310 
9.497:iT 
9.50263 
9.50789 
9.S1315 
a51840 



731.4; 
733,871 
736.314 
738.763 
741.218 
743.677 
746.143 
748.613 
751-08!) 
753.571 



G.S7079 
9.B7U01 



4.49134 
4!49464 



4.60945 
4.51108 
4.51272 



9.70170 
9.70824 
9.71177 
9.71531 
9.71884 
9.72236 



781.230 
783.777 
786.330 



S.09614 
3.09liB0 
2.09766 



4.52416 
4.62B78 
4.62740 



9.72<M1 
9.T3293 
9.73fi46 
9.73990 
9.74M8 
9,74699 
9.75W9 
9.75400 
9.75760 



9,66437 
9,66964 
9,<i7471 



3.06106 
3.00368 
3.U6431 



4.53390 
4.63714 



9.76450 
9.76799 
9,77148 
9.77497 



89.1136 
8914910 



3,07246 
3.07409 
3.07671 



9.73139 
9.73653 
9.74166 



2.11120 
3.11195 
3.11270 
2.11344 
3.11*19 
3.11494 
3.11668 
2.11642 
3.11717 



Powers — Roots — Reciprocals 



9.751<»3 
9.70705 
9.70317 



2.11865 

a.uaw 

2.12011 



4.BM50 
4.36610 
4.56770 



9.78264 
9,78775 
9.78285 



901.429 

B(a.asi 

907.039 
909.853 



MS047 
1.13120 
!. 13194 



2.13340 
2.13114 
2.I34S7 
2.13B60 
2.13KB 
3.13706 



96.23«1 
96.4321 
90,6289 



9.90454 
9.90959 
9.914(14 



3.14166 
3.14335 
3.1443* 



9.93479 
9.93083 
9.M485 



(«5.672 
95S.58H 
961.5(8 
964.130 



2.11503 
3.14678 
2.14651 



2.1E0I2 
3.1508* 
3.]S15(i 



Table VII — Napierian or Natural Logaritlims 



6.781 7.004 T.18T 



i 9.671 9.685 
> B.80a 9.814 
; 9.1HT 9,S27 



9.651 H-XS 9.584 

fl.69B 9.712 9. 

S-im 9.83T 9. 

9.H38 9,M9 9.039 



3.691 8.727 8.7G2 



0.245 9,266 9.387 
9.438 9.466 9.4T2 



»1M36 • 
9062 
7003 



0.3 3ftt7 

.40647 

7000 



•3103 «3tyia •4842 

•1511 'aaw •am 

9267 »0010 *<1748 

6464 7166 7844 



0.7 4194 
0.8 32i)l 



3(a9 4332 4812 

g.'iSS 0384 ^0432 

4710 6233 6753 

981S *0310 *Q8(H 

5142 Efil2 

9751 •0300 

4157 4687 



)5 »O063 «0430 

,8 3674 4028 

L5 715S 7500 

•OIW »0626 *0B56 



1103 ISra 1041 



I *0078 *0a82 



6081 0547 7011 

•0643 *1093 •leSfi 

5015 6442 5366 

9200 9609 •0016 

3216 3li09 4001 

7073 7456 7833 

•0796 •lieO •1523 

4380 4733 6082 

7841 8181 8519 

•1386 *1B14 ♦1841 



7473 7932 
»1978 •2418 ' 
6289 6710 



•1385 •2346 
6431 5779 
8356 9192 



•3604 
•2817 



5373 5088 6 

8479 8784 9 

•1491 •1788 *2 

,6 4703 4990 

il 7636 7815 

»0019 »0291 •0563 



7377 8128 H379 



8387 8614 8840 



7070 7277 7486 



2070 2311 

4450 4692 4927 

8787 7018 7247 

9065 9290 

1293 1613 

3471 3687 

B&a 6814 

7691 7898 

9737 9939 * 

1741 1939 2137 



! *(nss 

I 2338 
I 4643 



*0342 *0543 »0744 



., Google 



Napierian or Natural I,ogaritliiiis 



104T 



3120 .tai6 3311 

-"8 6250 5441 

B 7147 7335 

8825 9O10 m9i 



4222 4397 4B72 

5968 6130 6303 

7S<i5 7834 3002 

5)3*2 H609 9H75 

0993 IIBH 1319 

Sfiie 2n7 2938 

4214 4372 4330 



47M 4876 501^ 

61S0 fi2ra 0431 

7547 7085 7824 

8924 9061 9198 

0283 0418 0353 

1624 1757 1890 

3916 3078 3209 



9310 9433 0e.-J6 

0535 0667 0779 

1746 I86e 198(1 

3942 3061 3180 

4124 4242 4359 

5292 6409 6534 



4746 4920 5094 

6473 66J4 6815 

8171 8339 8507 

9840 *000g *0171 

1482 1643 1803 

8098 3258 3418 

4688 4845 

6253 6408 

7794 7947 



2,^4 S531 2728 
4287 4481 4673 



9928 *0111 •0393 

1740 1919 209S 

3519 3695 3871 

5267 6440 B613 

6985 7166 7326 

8675 8842 9009 

*0336 *Q600 *066fl 



9311 



9613 



0806 0964 1103 

' 3279 3435 2" 

3730 3874 4018 

5161 ,5303 5445 

arm srn 6 

79B2 8100 8 

9334 9470 9606 



2022 216B 338T 

3340 3171 3601 

4640 4769 4898 

5934 (iOfil 6179 

7191 7317 7443 

8113 856T 8691 



2106 2226 2346 

3298 3417 3 

4476 4593 4710 

SMO 5756 5 — 



5160 631T 5473 



1250 1398 1545 
3716 2863 3007 
4162 4306 4448 



6991 7130 72l>9 
8376 8B13 8650 
9742 9877 •0013 



6037 5166 5284 
6306 6433 6560 
7S68 76M 7819 



7134 7243 7361 



9834 9944 »0055 
0937 1047 115T 



4177 4384 4390 



0^ 0468 0.558 



4496 4601 4707 

5549 6654 6759 

6592 6696 6799 

7634 7727 7 

8646 8747 8 

9657 9757 9 

owe 0157 0857 



*0497 *06O7 *0717 

1594 1703 1812 

3678 2786 2894 

3751 ;B58 3965 

4813 4918 6034 



0956 1056 1164 



Napierian or Natural Logaritlims — 10 to 99 





3.30259 


26 


3.21888 


40 


3.63888 


55 


4,00733 


70 


4.24^0 


85 


4.44265 


2;48491 
2.66495 
3-63906 


36 
27 
28 
29 


H.3BS10 
3.39584 
3.33220 
3.38730 


41 
43 
43 
44 


3.7)357 
3.73767 
3.76120 
8.78419 


66 
57 
68 
59 


4.03585 
4,04305 
4.06044 
4.07T54 


71 

72 


4,26268 
4.27667 
4,29046 
4,30107 


86 
87 

89 


4,45435 
4.46591 
4.47734 


IS 


3.70806 


30 


3,10120 


4fi 


3,80666 


60 


4.09434 


7S 


4.31749 


91 

93 

94 


4.49981 


16 

18 
19 


2.77269 
3,83321 
2.89037 
2.0M44 


31 
34 


3.43399 
3.46574 
3.49661 
8Jl3fi36 


46 
47 
48 
49 


3.82864 
3.86015 
3,87120 
8,89182 


61 
64 


4,11087 
4.12713 
4,1*313 
4.16888 


76 
77 
78 
79 


4,33078 
4.34381 
4.36671 
4.36945 


4,61086 
4,52179 
4.53360 
4.54339 


20 


3.99S73 


3S 


8.6S585 


50 


8,91303 


65 


4,17439 


SO 


4,38203 


95 


4JS5388 


23 


8.04463 
3.091W 
8.13640 
3.17805 


37 
38 
39 


3!63760 

s.ess.w 


61 
62 
63 
64 


8.93183 
3,^124 
3.9T029 
3,98808 


66 
67 
«8 


4,18!)65 
4,20469 
4,31Kil 
4,33411 


81 
-82 
S3 
81 


4,39445 
4.40072 
4.41884 
4.43083 


96 
97 
98 
99 


4.56435 
4.57471 
4.68497 
4.6931'i 



HAPIERIAH OR NATURAL LOGARITHMS— 100 TO 409 



4439 6396 6344 



72R3 8213 9133 



.94164 

.0 1064 

7617 



8140 8760 9375 
4166 4749 5329 



3620 4493 5359 

02028 •2831 •3628 

9784 •0527 *1366 

6981 7673 8361 

3695 4343 4986 

9987 »06U5 "llOS 

6906 6479 7048 

*149i "2036 *2575 

67S6 7300 7811 



6317 7068 7912 

•4419 •5203 •3981 

•1993 »2725 »3447 

9043 9721 •0395 

6625 6360 6890 

•1799 •Bsse 'aygo 



•0330 »0837 •1321 



•1812 '2301 * 



•3872 '*37.^ ''4333 



9842 

,6 3479 

0088 



6834 7216 
•0680 "0947 
4191 4546 



6698 706* 7628 

•1166 *1610 «2053 

6633 6969 6383 

9717 •0126 ^0533 

3733 4136 4518 

7596 7973 8350 



•0939 ai348 *1746 



•2403 •2762 •3131 
6948 6396 6643 
9373 'JmS «0044 



0711 1543 1373 



4300 4620 
7455 7766 
•0513 *«814 



6871 7126 7381 



•1114 »1418 »1711 

4064 4354 4644 

6930 7212 7493 

9715 9990 »0263 

5064 9324 6584 



8996 9301 960G 

»2008 *2305 *2600 

4933 6330 5507 

7774 8053 8333 



*0141 *0389 •0635 



»08S1' 1127 » 



log, 10 n = log, n + log, 10 = In 
log, 11 = log, 10 , logio n -^ 3,. 






Table VIII — Multiples of M and of 1/M 



0.43429 448 
l[3028B345 
1.73717 793 
3.17H7 341 
3.60576 689 
3.04006137 
3.47435 586 
3.90865 OM 



6.08013 376 
6.51441 723 
6.94871 171 



13.46313 8M 
13.89743 313 
14.33171 790 



19.10895 720 



20.41184 06S 
20.84613 S13 
31.38043 961 



90 



31.71472 410 



32.14901 868 
32.58331 306 
33.01760 764 



34.75478 547 
26.18907 995 
25.62337 443 



36.49196 310 
26.92628 788 
27.36065 236 
37.79484 684 



35.17T85 303 
36.61314 753 
36.M644 200 



40.8^ 



8 130 



.25797 

42.12656 474 
43.56085 933 
42.fl9515 371 



43.42944 819 



M = log.^e = .43429 44819 O; 
logjjji = logjii ■ log^e = 
log^=a-log„e = if 



N 


iV-4-M 


N 


N^M 




3 

5 
6 
7 
9 


0.00000 OOP 
2.30358 609 
4,60517019 
6.9077B938 
9.31034 057 
11.51293 516 
13.81651056 
16.11809665 
18.42068071 
20.72326 584 


60 


115.12925 465 


51 
52 
63 
54 
55 
66 
57 
158 


117.43183 974 
119.73443184 
122.03700 993 
124.33969 502 
136.6431S011 
128.94476 531 
131.24735 030 
133.64993683 
135.85253 04!) 


10 


33.03585 093 


eo 


138.19610 958 


13 
13 
14 
15 
16 
17 
18 
19 


36.32843 603 
27.63102 113 
39.93360 631 
32.33619 180 
M.53877 639 
36.84136 149 
89,14394 658 
41.44653 16T 
43.74911 677 


61 
62 
63 
64 
65 
66 
67 
69 


140.49769 067 
143.76027 577 
14S.06386 08S 
147.36611 595 
119.66803 104 
151.97061 614 
194.37320123 
156.57578 632 
158.87837 142 


SO 


46.05170 186 


70 


161.13095 651 


21 

32 
33 
24 
25 

37 
29 


48.35428 695 
62195945 714 
56.26201223 
57.56462 732 
69.86721 312 
63.16979 751 
61.17238 360 
66.77496 770 


71 
72 
73 
74 
75 
76 
77 
78 
79 


163.48394 160 
165.78612 670 
168.03871 179 
170.39129 688 
172.69388^197 
174.99^6 707 
177.29905 216 
179.60163735 
181.90132 335 


30 


69.07755 379 


80 


184.30680 744 


31 
34 
37 


71.38013 788 
73.68372 298 
75.98530 807 
78.28789 316 
80.69047 825 
82.89306 335 
85.19564 844 
89!80081 863 


81 
83 
83 
84 
86 
87 
89 


186.60939 253 
188.81197 763 
m.11456272 
193.41714 781 
196.71973 290 

200.33490 309 
202.62748 818 
201.93007 328 


40 


93.10340 373 


90 


207.23265 837 


41 
42 
43 
44 

47 
48 
49 


91.40998 881 
96.70857 391 
99.01116 90O 
101.31374 409 
105;91891128 
108.22149 937 
110.53108 446 
112.83666 956 


91 
93 
itt 
95 
96 
97 
98 
99 


209.5363*346 
211.83783 850 
311.14M1 365 
316.44299 874 
318.74968 383 
331.(4816 893 
323.39075 402 
336.65333 9]! 
337.90593 421 


50 


115.12925 465 


100 


330.25860 930 



f. = log,10 = 2.30258 90939 940« 68 
Iog,(10».ic)=l<^^ + n^ 
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.0043i 
!ol303 



.<Ji»05 
.08020 
.9704S 
.96l>79 
.95123 
.94176 



O.OIOO 
0.0200 
0,0300 



.00001 
.80100 

.mat 



.04777 
.05212 
,03046 
,06080 
.06514 
.06949 
.07383 
.07817 



0.1102 
0.1203 
0.1304 



.04227 
.0802a 
.11517 



,00(>25 
.00700 
,00779 



.10423 
.108S7 
.11293 



.43663 
.45282 
.46817 



,51254 
..13981 



.03054 
.02107 
,02323 



imsi 

1,0619 
1,0653 



.19109 
.19543 
.19978 



.68797 
,69779 
.70744 



C.:i<o;;lc 
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.58275 
,57695 
.57121 
,B6553 
,95433 



.77914 
.78761 
■79576 



1.84IM 
1,8389 
1.8776 



,37795 
^28661 



-B01S8 
■49659 
.49164 
,48G7n 
.48191 



0.7713 
0I7O66 
0,8094 



0.8484 
0,S615 
0.8743 



3.3869 
3,4109 
2.4351 



.43171 
.42741 
.43310 
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.45167 



.07080 
!08708 



.10930 
.12026 



.31197 
.aiMl 
.313H6 



.13111 
.13840 
,11186 
.14720 
!l67a3 



1.4S53 
1.4735 
1.4914 



.525K0 

.02asi 

JiMia 



1.8725 
1.88E4 
1.1KI45 



.37243 
.27610 
.27970 



.26185 
.25934 

.■25ma 

.20411 
.2S158 
.24908 



2.04M 
2.0583 
2.0764 
2.0947 



4.0960 
4.1371 
4.1787 



.63407 
.63841 
.64276 



.GOLV^IC 



Values and Logarithms of Hyperbolic Functions 



« 


Value 


Log.. 


Value 


Siiihcc 

Value Log,, 


Cosh 

Value 


iC 1 


Value 


1.50 


4.4817 


6S144 


22313 


2.1293 .32823 


2.3524 


37161 


90516 


1,51 
1.52 


4,52G7 
4.5722 
4.6182 


6B578 
66013 
66447 


2a)91 
21871 
21654 


3.1629 
a.1768 
3.2008 


.33303 
!34358 


2.3738 
2.3999 
3.4174 


37546 
37939 


906£tt 
90870 
91042 


1,54 
1.55 


4.6616 
4.7115 
4.7588 


66881 
67316 
67750 


21438 
3123S 
21014 


3!3743 


.34736 
!35686 


3.4395 
2.4619 
2.4845 


3878) 
39126 
39624 


91212 
01379 
91642 


1,57 


*.8066 
4.HB50 
4,0037 


68184 
68019 
69053 


20805 
20698 
20393 


2!3S45 
2.3499 


.36160 
.86633 
.37106 


2.6073 
3,6305 
2.6638 


.39931 
40330 
40719 


91703 
913H0 
92015 


1.60 


4,9530 


6MS7 


30190 


2.3756 


.37577 


2.5776 


41119 


93167 


l!62 
1.63 


6.0028 
6.0531 
6.1039 


69931 
703,10 
70790 


19989 
19790 
19593 


2.4015 
3.4276 
3.4540 


.38048 
.38618 
.38987 


2.6013 
3.6265 
2.6499 


41620 
41921 
43333 


92316 
92606 


1,06 


5.1502 
9.2070 
6.2BU3 


71224 
71659 
72093 


19398 
19206 
19014 


2,4806 
3!6345 


.39456 
.399*^3 
.40391 


2.6746 
3.6995 
2.7247 ■ 


43725 
43129 
43933 


92747 
^3022 


1.07 
1.6S 
_1.6|l_ 
1.70 


6.3132 
5.3660 
6.4195 


72^61 
73396 


18835 
18037 
18452 


3!6896 
3.6175 


,40867 
.41323 
.41738 


2.7603 
3.7760 
2,3020 


43937 
44341 
4474T 


93166 
33416 


5,*739 


73830 


18268 


3.6450 


.42263 


2.8383 


45153 


93541 


i;72 

J. 73 


5,5390 
5.5S45 
6,0407 


74204 
746U9 
76133 


18087 
17907 
1J728 


2.6740 
2.7037 
2.7317 


.42717 
.43180 
.43643 


2.8549 
2.8818 
2.9090 


49966 
46374 


33786 
93906 


1,74 
1,75 
1.76 


6,6973 
6.7546 
6,ai24 


76B67 
70002 
76436 


17562 
17377 
17204 


2.7609 
2.7904 
3.8202 


.44109 
.44667 
.46028 


2!9e43 
2.9932 


46783 ■ 
47191 
47600 


M023 
94138 
M360 


1.77 
1.78 
l-7i! 


5.3709 
6.9399 
6.9895 


76870 
77301 
7T739 


17033 
16864 
16696 


3.8503 
3.8806 
2.9113 


.45488 
.46948 
.46408 


3.0206 
3.0492 
3.0733 


48009 
48830 


94361 
SI4470 
94576 


1.80 


6.0496 


78173 


16530 


2.9423 


.46867 


3.1075 


49241 


94681 


1.81 
1^83 


6.1101 
6.1719 
C.2339 


7S607 
79043 
79476 


16365 
16041 


2.9734 
3.0049 
3.0867 


.47325 
.47783 
.48341 


3.1371 
3.1669 
3,1973 


49652 
50064 


94783 
94884 ■ 
94983 


l,ft4 
1,86 


6.2965 
6.3598 
6.4237 


79910 
N0344 
80779 


15882 
16724 
1566T 


3!l013 
3.1340 


.48698 
.49164 
.49610 


3.3277 
3.25B5 
3.2397 


51302 
61716 


96080 
9517.') 
95268 


1.87 
1.88 


6.4883 
6.5535 
6.6194 


81213 
81647 


16413 
15259 
16107 


3.1671 
3.2005 
3.2341 


.60066 
JS0521 
.50976 


3.3212 
8.3530 
3.3362 


63130 
)2644 


)5449 
9653T 


1.90 


6,6869 


S2510 


14967 


■ 3.2682 .61430 


3.4177 


63374 


96624 


l.ill 
1,93 
1.93 


G.7631 
6.8310 


«950 
13319 


14808 
14661 
14616 


3.3035 
3.3372 
3.3723 


.51884 
!52791 


3.4506 
3,4338 
3.5173 


63T89 
64305 


95709 
95792 
95873 


1.94 
1^96 


6.9688 
7.0287 
7.0993 


i4687 
85132 


14370 
14086 


3.4075 
a44^ 
3.4793 


.63244 
;54148 


3.5513 
3.5866 
3,6201 


55038 
55463 
65872 


)5963 
(6109 


1.97 
1,98 


7!24S7 


85566 
HS990 
86425 


13Mfi 
13807 
13670 


3.6156 
3.5523 
3.58!tt 


.M600 
.90061 


3.6361 
3.69M 
3.7261 


66290 
50TO7 
57126 


')6]H5 
96259 
96331 


2.00 


7.38.91 


86859 


13534 


8.6269 .56953 


3,7622 


57544 


96403 














H0....,C 


oogk 





Values and Logarithms of Hyperbolic Functions 



3.6647 .58403 
3.7028 ^f " " 
3.7414 .51 



.12619 
.13493 
.12389 



.11765 
.11648 
.11533 
.11418 
.11304 
.11192 



.10970 
.10801 
.107B3 



4.6434 
4.6912 
4.739* 



4.6127 
4.65S0 
4.7037 
4.7499 



.■Kma 

.71071 
,71497 
.71923 
.72349 
.72776 



5.6119 
5.6674 
8,7333 



.75534 
.75976 
.76415 
.76850 
.7739e 
.77737 



.77477 
.77906 
.78334 
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« 


Value 


Los,, 


'alue 


Sinh 

Value 


Log.. 


Cosh 

Value 


OB T 

Log,. 


I'alue 


3.50 


12.183 


08574 


08208 


60502 


78177 


6.1323 


78763 


98661 


2.53 


12.305 
12,429 


09008 
09442 
09877 


08127 
08046 
07966 


61118 
6,1741 
6.2369 


78017 
79067 
79*97 


6,1931 
6,2549 
6.3166 


79191 
79619 
80048 


98688 
98714 
98739 


•1.55 
2.3G 


12.!t3e 


10311 
ltfr46 
11179 


07887 
07808 
07730 


6.30(H 
6.3649 
0.42.93 


79937 
80377 
80816 


6.3793 
6,4426 
6,5006 


80477 
80il06 
81335 


987^ 
98788 
98812 


a.ST 
2,58 
2.51) 


13.0ti6 
13,197 
13.330 


11614 
12048 
12482 


07654 
07577 
07502 


6.6607 
6.6274 


81356 
81095 
82134 


0.9713 
6.6366 
6.7024 


817M 
8219* 
82623 


98835 
^8868 


360 


13.464 


12917 


07427 


6.694T 


82573 


6.7690 


83052 


98903 


2.61 


13.599 
13,73ti 
13.874 


13361 
13785 
14219 


07353 
)7280 


6!9008 


83012 
83461 
83890 


6.8363 
6.9043 
6.9729 


13912 
84341 


98934 
98!«0 
98966 


2.64 

2m 


14,013 
14.154 
14.296 


14654 
1508S 
16322 


07136 
07065 
06995 


6.9709 
7.0*17 
7.1132 


84329 
84768 
85206 


7,0423 
7,1133 
7.1831 


84771 
89201 
85631 


98087 
9900f 
99036 


2,67 


14,440 
14,885 
14.732 


16391 


06925 
0S856 
06788 


7,1854 
7.2583 


»6*6 


7.3B40 


86061 
86492 
86923 


99045 
J9064 


a. TO 


14,880 


17260 


06721 


7,40B3 


86960 


7,4739 


87362 


99101 


3.71 
2.72 
2.73 


15',180 
15.333 


176M 
18128 


06654 


7,4814 
7.5572 
7.6338 


87398 
87836 
88274 


7.5479 
7.0231 
7.6991 


87783 
88213 
8864* 


99118 
99136 
99163 


2 74 
2.7B 
2,76 


15.487 
16,043 
16.800 


18997 
19431 


06467 
0«393 
06329 


7.7113 
7.78M 
7.8683 


88713 
89150 
89588 


7.7758 
7.8533 
7.9316 


8907* 
89505 
89936 


99170 
!t9186 
9!e02 


2.77 
2.78 
2 79 


15.969 
lfi.119 
l(i.281 


20300 
20734 
21168 


06366 
06204 
0614^ 


7,9180 
8,0285 
8,1098 


90026 
90463 
90901 


8.0106 
8.0905 
8.1712 


90367 
90798 
91229 


J9318 
99248 


280 


lfi.445 .31603 1 


06081 


8.1919 


91339 


8.2527 


91660 


99263 


2,81 


ie.oio 

16.777 
16.M6 


32037 
32471 
22B05 


06020 
069B1 
0S901 


8,2749 
8!4433 


91776 
92213 
93661 


8.3361 
8.4182 
8J5032 


B091 
33963 


99278 
J9306 


2.B4 
3.85 


17,11« 
17:462 


23340 
24208 


05^3 
05784 
05727 


8,5287 
8,6150 
8,7031 


«1525 
93963 


8 9871 
8.6728 
8.7594 


03385 
93816 
9*247 


99320 
99333 
99340 


2.87 
2!89 


17.037 
17.814 
17,993 


24643 
25077 
25511 


05670 
05613 
05558 


8.7902 
8,8791 


94400 
94837 
95274 


8.84<'.9 
8.9352 
9.0244 


94679 
96110 
95543 


99350 
99373 
99384 


3.90 


18,174 


25945 


06502 


9.0596 


95711 


9.1146 


95974 


99396 


2,91 
2.92 
2.93 


18,357 
18,541 
18,728 


26380 
26814 
27248 


)5148 
)5340 


9,1512 
9!3371 


961*8 
96984 
97021 


9.2066 
9.3976 
9.3905 


96405 
97269 


9M08 
99420 
99431 


2,94 
3.9li 


18.916 


37683 
J8117 


)5234 
05182 


9.4315 
9.5268 
9,6331 


97458 
97896 
98331 


9.4M4 
9.5791 
9.6749 


97701 
93133 
98565 


9M43 
HM64 
9M04 


2! 98 
2,99 


. 19.492 
19!886 


29420 
29864 


05130 
06079 
05039 


9,7203 
9.8185 
9,9177 


i)H768 
99205 


9.7710 
9.8693 
9.9080 


99*39 
99861 


99475 
9M85 
99496 


3.00 


20.086 


30288 


04m9 


10,018 


00078 


10,068 


00293 


99505 



Vaiues and Logaritlims of Hyperliolie Functions 



.M17B 
M34»i 
.58517 



16-643 .21860 



19,33* .28383 



.30.W9 
.32733 
.81B07 



109.ffi» 
121.61 
131.29 



.99775 
.04118 
.084«1 



36.843 .m&m 

40.719 .00980 
45.003 .66324 
49.737 .69668 
54.969 .74013 
60.751 .78355 
67,141 .82699 
74.203 .87012 
.91386 
.95739 
.00074 



83 011 
90.0*) 
100.17 
110.70 
133.Si 
135.21 
149.43 



40.732 
45.014 
49,747 
54.978 
60.759 
67.149 
74.210 
e2.014 
9.1.639 
100.17 



D18.01 
665.14 
S54.06 



.n44J4 
.82291 
,93149 



201.71 .30473 
259.01 .41331 



11013. .(ai9I 



24B74 
40515 
6679 1 
11013. .04191 



XiOOglC 



- Tallies and logarithms of Haverslnes 

i £Nf Logarithms omitted — determine by rula from the valne] 



.0000 , 

< .0112 . 

.0131 , 



.12<(4 , 

: .1353 , 

: .1413 . 

.1475 . 

. .1538 . 



.6176 
!l561 



.1304 


iim 


.1363 


134B 


.1421 


.IKM 


.1485 


.171H 


.1648 


.1HH7 




■Mm 






.1743 


.VAVI 


.1808 


W7S 


.1876 












.2085 


.aiMo 



.2437 . 
.2600 , 
.27BB . 



.9954 .■ 

.0J79 , 

.0398 . 

.0611 . 



.2466 . 
!27SS '. 



Values and Logarithms of AaTersines 

[CharaelerlsHos of LogftriUiius oniilteii — cleterpiino by rule ftuuitbe ^ 



.2001 .1152 

.2678 .4379 

.2756 .1403 

.28^ .1021 

,2913 .4644 

.1761 

.4870 

.3154 .498il 



,3400 .5314 

.3133 ,eil9 

.3606 .5022 

.3650 .6623 



.B378 .7306 
.7376 
,1S5.'53 .7411 
.5638 ,7511 



,21^11 .1178 
.2691 .4300 
.2769 .1123 



.2640 .4316 

.2717 .4341 

.2795 .4464 

.2874 — ■ 



.34*1 .6367 
.3524 .5471 
.3608 .6572 



Talnes and Logaritlims of HaTei^ines 



.7525 .8765 

.7600 .8808 

,7674 .:::: 

.7748 .8892 



126 Table XI — Factor laWe — Logarltlmig of Primes 



N 


1 


3 


7 


.9 


10 


0043213738 


0128372247 


02»i837777 


0374264979 




3 37 


0530784435 


32-13 


7-17 


12 


112 


3-41 


1038a'i7310 


3-43 




1173712957 


7-19 


1367205673 


1430148003 


14 


3 -47 


11-13 


3-7! ■ 


1731862684 


IS 


178976MT3 


3a-17 


1958996534 


3-53 


16 




3121876044 


2327164711 


132 


IT 


31-19 


238(H61031 


3-59 


2528530310 




2570786749 


3-61 








2810333673 


3865673090 


3944663263 


3988530764 


20 


3-67 




32-33 


11-19 


21 


3242824553 


3-71 


7-31 


3-73 


22 


13 '17 


3483(M8630 


3560358573 


3598354823 




3-711 


3673659210 


3-79 


3783979009 


24 


3820170426 




13 19 


3-83 


29 


3996737315 


11-23 


4099331233 


7-37 




32-29 


41995.17485 




4297523300 


37 


4339692909 


3-7-13 


4424797091 


32-31 




4487063199 


4517864395 


7-41 


172 




3-97 


4668676204 


3S-II 


13-33 


30 


7-43 


3 101 


4871383735 


3-103 




4937603890 


49l»44337e 


5010692022 


11-20 




3-lOT 


17-19 


3I0!> 


7-47 


33 


5198279038 


32-37 


5276399009 


3113 


34 


11-31 


T> 


M03394748 


5438264270 


36 


3=13 


5477747054 


3-7-17 


6B509444S6 


30 


19^ 


3-112 


5646660643 


32-41 


37 


7-53 


5717088318 


13-29 


6786392100 


38 


3 127 


6831987740 


32-43 


5S9M96013 




17-23 


3-131 


5987906068 


3-7-19 


40 


6031443720 


13-31 


11-37 


6117233080 


41 


3-137 




3-139 


6323140230 


42 


6242820968 


32-47 


7-61 


311-13 


in 


6344772702 


0364878964 


19-23 


6434645203 




32-72 


64M037363 


3-149 


6522463410 


45 


11-41 


3-151 


6599162001 


3S-17 




6637009254 


6655809910 


6693168806 


7-67 


47 


3-157 


11-43 


3a-53 


68033S5134 








6876289612 


8-163 




6910814931 


17-29 


7-71 




50 


3-1B7 


7016079861 


3-132 


7067177823 




7-73 


88-19 


n-47 


3 173 




7168377233 


7135016889 


17-3! 


332 




32-69 


13-41 


3-179 


72-11 


54 


7331972651 


3-131 


7379873203 


32-61 


SS 


19-39 


7-79 


74B8561953 


13-43 






T50508S949 




7561122664 




7566361082 


3-191 


7611758183 


3-193 


58 


7-S3 


11-S3 


7086331012 


19 31 


59 


3-197 


7730540934 


3-199 


7774268324 


GO 


7738744730 


3a-67 


73313S69n 


3-7-29 


61 


13-47 


78746(a746 


7903851640 


791690M90 


63 
63 


8000293692 


3-211 


3-11-19 
72-13 


17-37 
32-71 


64 


8068580296 


8083109739 


8109042807 


11-59 


65 


3-7 -31 


8149131813 


3S-73 


818385*146 


&i 


8202014695 


3-13-17 


23-39 


3-223 


67 




8280150042 




7-97 




3 227 


8344207037 




13-53 


69 


8394780474 


32-7-n 


17 -4J 


3-233 



477121254720 
698970004386 
849098040014 



97 986771734266 



.900514178 
"11714557 
!8461152 



Factor Table — Logarithms of Primes 



JV 


1 


3 


7 


9 




JV 


Log2V 


70 


8137180180 


19-37 


7-101 


8506463352 


1567 


19606S9U63 


71 


3^-79 




3-239 


S56738S904 




1571 


1961761850 


72 


7 '103 


3-241 


8615344109 


3» 




1D79 


I98383i:»0 


73 


17-43 


8r.5103!)74ti 


11-67 


8G864443S1 






1!)M809149 






8709388138 


3»-83 


7-107 




1597 


2033W9161 


76 


B7S6399370 


3-251 


87909B87<a 


3-11-23 




1601 


3043913310 


TB 


88133465(18 


7109 


13-59 






1607 


3060158768 


77 


3-257 


8881794939 


3 7-37 


19-41 




1009 


20655eM41 


78 


11 -n 


3S'29 


S9B9747324 


B-263 




1613 


207634.'i674 


79 


7-113 


13-61 


9014583314 


17-47 




1619 


2093468438 


80 


32-89 


11-73 




W791SB16 




1631 


2097830148 




9090208542 


3-271 


19-43 


3S-7-13 




1627 


3113876539 




9143431571 


9153998352 


9175055096 


9186545306 




1637 


2140486794 




3-277 


7 = -17 


33-31 


9237619608 




1G57 


2193236084 


84 




3-281 


7-112 


3-283 




1663 


3203922192 


85 


23-37 


9309490312 


9339808319 






1687 


2319355998 




3-7-41 


936010796/ 


3-172 


11-79 




1669 


3334563367 


87 


13-fi7 


32-97 


M399959S4 


3-293 




1693 


3386569581 


as 


9449759084 


94S9607036 


9479236198 


7-137 




1697 


3398813423 


89 


3^-11 


19-47 


3-13-33 


29-31 




1699 


2301933789 


90 


17-53 


3-7 -43 


9576072871 


32-101 




,1709 


3337420627 


SI 


9595183770 


lt-83 


7-131 


9(i33I58I14 




1731 




92 


H-307 


13-71 


32 -103 


9680157140 




1733 


2362852774 


93 


72-li> 


3-311 


9717395B09 


3-313 




1733 


3387985627 


9i 


9735898234 


33-41 


9763199790 


13-73 




1741 


2407987711 


8S 


3-317 


97!I0929006 




7 137 




1747 


2432939050 


Wi 


312 


32-107 


98M2M741 


3-17-19 




1753 


3437819161 


97 


9872192299 


7-139 


9898M5637 


11-89 




1759 


3453668395 


98 


32-109 


9925536178 


3-7-47 


23-43 




1777 


3498874378 


99 


-9960736545 


3-331 


M98695I583 


3»-37 




1783 


2511513432 


100 


7-11-13 


17-59 


19-53 


0038911663 




1737 


2521345635 


101 


3-337 


006609*454 


32-113 


0OS174184O 




1789 


3526103406 


loa 


0090257421 


3-11-31 


13-79 


3-7= 




1801 


2555137128 


103 


O132580()53 


0141003215 


17-61 


0166155476 




3311 


25791S4503 




3-347 


7-149 


3-349 


02077M883 




1833 


3607866687 


lOS 


03lfi0271fi0 


3<-13 


7-151 


3-353 




1831 


2636883443 


lOB 


(^57153839 


0265333645 


n-97 


0389777063 




1847 


2664068954 


107 


32-7-17 


29-37 


3 -369 


13-83 




1861 


3697463731 


108 


23-47 


3-192 


O36320S441 


32-112 




laiT 


3711443179 


109 


0378247503 


0386201619 


0102066276 


7-107 




1871 


2720737876 


HO 




0425T65124 


38-41 


044931M61 




1873 


3725377774 


111 


11 101 


B-7-BS 


0480531731 


8-373 




1877 


273464273(i 


112 


19-59 


0503797663 


72-23 


052693M19 




1S79 


2739367801 


113 


3-13-20 


U-103 


3-379 


17-67 






2763319579 




7-163 


8»-127 


31-37 


3-383 




1901 


2789821169 


115 


0010753236 


0618393073 


13-89 


19-61 




1907 


2803506930 


IKi 


38-43 


0655797147 


3-389 


7-167 




1913 


3317140700 


117 


0G3666S951 


8-17-23 


11-107 


32-131 




1931 


2867822738 


118 


0722408976 


7-132 


0744507190 


29-41 




1933 


2863S13S40 


119 


S>39T 


0766104437 


32-7-19 


11-109 




1049 


3898118391 


120 


0796430lff* 


3-401 


17-71 


3 13 -31 




1931 


2B0397a!94 


121 


7 '173 


0838608009 


08B3905783 


23-53 




1973 


2961270853 


123 


3-11-37 


0874264B70 


3-409 


0896518839 




1979 


3964457M3 






33-137 


0923696996 


3-7-59 




1987 


2981978671 


124 


17-73 


11-113 


39-43 


0965634384 




1993 


2995073987 


1S9 


3= -139 


T-179 


8-419 


1000257301 




1997 


3003780649 


12(> 


13 '97 


3-421 


7-181 


30-47 






3008127941 




31-41 


19-67 


1061908973 


1068705446 




21X13 


30115809493 


128 


3-7-ei 


1083266564 


32-11-13 


1103529174 




2011 


|3034ia070ii 


129 


1109263433 


3-431 


1129399761 


3-433 


^ 


(awii, 



Table XII a — Compound Interest; (l+j*)** 

iDNT OF One Dollar Pbikcipal at CoiiponNn Ibtehebt Apieh » Yem.«b 



n 


2f, 


2\1o 


8^ 


s\'h 


4,fB 


4\1o 


S1« 


efa 


Hfo 


3 


1.0200 
1,M04 

i.oeia 


1,0506 
1.0769 


1.0300 
l!0937 


I.ft350 
l!l087 


1.0400 
1.0816 
1,1249 


1.0450 
1.0930 
1.1412 


1.0500 
1.1025 
1.1576 


1.0600 
1.1238 
1.1910 


1.0700 
1.1449 
1.2350 


4 
6 


lAMl 
1.1363 


1.1038 
1.1314 
1.1597 


1.1255 
1.1593 
1.1941 


1.147B 
1.1877 
1.2393 


1.1699 
1,2167 
1.26B3 


1.192B 
1.3463 
1,3023 


1.3156 
1.2763 
1,3401 


i:4185 


1.3108 
1.4026 
1.6007 


7 


1.1487 
1.1717 
1.1951 


1.18ST 
1.2184 
1.34S9 


1.2299 
1.3668 
1.3M3 


1.3723 
1.31CS 


1.3169 
1.S086 
1.4233 


1.3609 
1.4331 
1.4861 


1.4071 
1.4776 
1.5513 


1.E036 
1.6938 
1.6895 


1.6053 
1.7182 
1.8385 


10 


1.2190 


1.2801 


1.3439 


1.4106 


1.4802 


1.5530 


1.6339 


1.7908 


19673 


13 
13 


1.3434 
1.2683 
1.3936 


1.3121 
1.3449 
1.378B 


l!4258 
1.4685 


1.4600 
1.6111 
1.6^0 


1.5395 
1.G010 
1,6651 


1.6239 
1,6959 
1.7732 


i.no3 

1.7959 
1.8866 


2:0123 
2,1339 


3,1049 
3.2632 
2.4008 


11 
16 


1.3I9S 
1.3459 
■1.372S 


1.4130 

1.4483 
1.4846 


1.5126 
1.6580 
1.6047 


1.6187 
1.6753 
1,7B40 


1.7317 
1.8009 
1.8730 


1.8519 
3:0234 


1,9799 
2.0789 
3.1839 


2.3609 
2,3966 
3.541M 


3,6785 
2:9532 


17 
J8 
19 


1.4003 
1^283 
1.4563 


1.6216 
1.5597 
1.6987 


1.6528 
1.7024 
1.7536 


1.7947 
1.8573 
1.9225 


1.9479 
3.0258 
2.1068 


2.1134 
2.2086 
3.3079 


3.3^0 
2.40Be 
3..1370 


2.692S 
2.8543 
3.0256 


3.1588 
8.3799 
3,6165 


20 


1,4839 


1,6386 


1.8061 


1.9898 


3.1911 


2.4117 


2.6533 


8.2071 


8,3697 


21 
23 


1.S16T 
1.5460 
1.5769 


1*796 
1.T3J6 
1.7646 


1.8603 
1.9161 
1.S736 


3,0594 
3.1315 
2J206I 


3.3783 
3.3699 
2.4647 


3.6203 
2.6337 


3.7860 

sloTie 


3.3996 
8.6085 
3.8197 


4.1406 
4.4304 
4.7406 


24 
2» 
26 


1.6084 
1.6«16 
1.673* 


1.8087 
1.853!) 
1.9003 


3.0328 
2.0938 
3,1568 


2.2833 
3,3633 
2.4460 


316653 
3.7725 


2.3760 
B.00B4 
3.140T 


S.3261 
3.3864 
3.6557 


4.W80 
4.2919 
4,5494 


B.0724 
B.4274 
6,3074 


27 
2B 
211 


1.7089 
1.7410 
1.7758 


1.9478 
1.996B 
3.0464 


3.3313 
3.3379 
2.3566 


2.6316 
3.6203 
2.7119 


2.8834 
3.9387 
3.1187 


3.2820 
3.4297 
3.6840 


8,7335 
3.9301 
4.1161 


4.8223 
6.1117 
6.4184 


6.2139 
6.6488 
7.1143 


30 


1.8114 


2.0976 


2.4273 


2.3068 


3,34M 


3.7453 


4.3219 


6.7436 


7,6123 


31 
33 


1.8476 
1.8846 
1.9232 


2.1600 
3,3038 


3.5001 
3.5761 
3.6523 


2.0050 
3.0067 
3.1119 


3.3731 
3.5081 
3.6484 


3.9139 
4.O90O 
4.2740 


4.5380 
4.7649 
S.0033 


6.0881 
6.4534 
6,3406 


8.1451 

8.7153 
9.3253 


34 
3S 
36 


1.9607 
2!0399 


3.3153 
3.3732 
2.4325 


3.7319 
3.8139 
2,8933 


3.3209 
3.3336 
3.4503 


3.7M3 
3.9461 
4.1039 


4.4664 
4.6673 
4.8774 


6.2533 
5.5160 
5.7918 


7.2510 
7.0861 
8.1473 


9.9781 
10.6766 
11.^39 


37 


3.0807 
3.1333 
3.I64T 


2.4933 
3.6557 
3.619B 


3!0748 
3.1CT0 


3.B710 
3:8254 


4.3081 
4,4388 
4.6164 


6.0969 
5.3262 
5,5659 


6,0814 
6.3855 
6.7048 


S.6361 
9.1543 
9.7036 


13.3236 
13.0793 
13.9MS 


40 

41 
43 


3.2080 


3.6861 


3.3620 


3.9593 


4.8010 


6.8164 


7.040O 


10.2867 


14.9745 


3.2533 
2.2973 
3.3433 


3.7522 
3.8210 
3,8915 


3.35.99 
3.4607 
3.5646 


4.0978 
4.2413 
4.3897 


4.9931 
6.1928 
6.4005 


6.0781 
6,3516 
6.6374 


7.3930 
7.7616 
8.1497 


10.9029 
11.6570 
12.2505 


16.0337 
17.1443 
18.3444 


44 
45 
46 


2,3901 
3.4379 
2.4866 


8:0379 
3.1139 


3.6715 
8.7316 
3.B950 


4.B433 
4.7024 
4.8669 


6,6165 
5.8412 
6.0748 


6.9361 
7.2483 
7.5744 


8.5573 
8.9850 
9.4343 


12.986B 
13.7696 
14J5905 


19.6385 
21.0025 
K.4726 


48 
49 

SO 


2.5871 
2.R388 


3.1917 
3.2715 
3.3533 
3.4371 


4.0119 
4.1323 
4.3562 


5,0373 
6.3961 


6.3178 
6,5706 
6.83.'t3 


7.9153 
8.3716 
8.6437 


9,9060 
10.4013 
10.9213 


13.4659 
16.3939 
17.3775 


34.0457 
35.7289 
27.5399 


2.6916 


4.3839 


6JI849 


T.ioer 


9.0326 


11.4674 


18.4302 


30.4670 



Ho;-dt, Google 



— Compound Discount : 

■F One Dollar Ddh at ieb Ebd i 



Table XII c — Amount 

TINT OF ATI AnbHITO of OuB DoLLAB 



of an Annuity 

PER Ye»k afteb n Yeabs 



1.0460 
2.1370 
8.2782 
4.4707 
6.7169 
7.0192 



7io 

1.0700 
2.2149 
3.4399 
4.7507 
6.1533 
7.«540 



12.7956 
14.1404 
16.5180 



14.9171 
16.7130 
18.5986 



20.4123 
21.8106 
23.2974 



21.7090 
23.4997 
26.3372 



19.7S41 
21.7103 
23.7417 



24.1290 
26.8881 
29.8402 



37.M99 
40.3131 
42.7691 



41.9309 
44.2188 
46.6764 



40.0842 
48.9676 



46.7271 
60.1136 
63.6691 



08.1664 
62.7058 
67.6281 



68.1694 

7ijma 

74.4013 



74.2988 
79.0638 
84.0670 



..7095 
113.0950 
119.7998 



96.3432 
L03.1838 
110.4348 



74.6608 
77.6523 
80.6161 



78.3535 
8O.H40fi 
83.6794 



1.1430 
168.7003 



174.ffiM)e 
—.6076 
198.7680 
211.7435 
225.5081 
240.0986 



363.2701 
S77.9990 
10BJ5289 



09.9216 116.1808 133.5828 138.7738 



Table XII d — Present Valne of an Annuity 

rnEaENT V*i.i;n of One Dollar per Year fob » Yw*rh 



6.3491 
7.1701 
7.9709 



.9616 
3!776J 



3.5875 
4.3900 
5.1679 



11.6909 
13.3814 
13.0560 



11.2B61 
11.9379 
12.6611 



23.1452 
23.6B63 
23.9B73 
24.3486 



21.1318 
21.4872 
21.8323 



16.1920 
16.3743 
16.5489 
16.7113 
16.8679 
17.0170 



25.4601 
26.8206 
26.1664 



24.2543 
24.5187 
24.7764 
25.0247 
26.3667 
26.6017 



21.0429 
21.1fflJl 
21.3416 



19.414T 
18.6366 
19.6513 



Ho;-dt, Google 



133 Table XII e — Logarithms for Interest Compntations 



r 


1+r 


logil+r) 


i% 




00216 60617 E6508 














2% 


1.020 


00860 01117 01 18 


as% 


1.025 


01072 38653 Jl T<l 




i.aso 


012S3 72247 051 


Sh% 


1.035 


01494 03497 92437 


i% 


1.040 


01703 333B3 98780 




1.045 


01911 62B04 47073 






02118 H21W0 h99d8 



r 1 -{-r 


log (1 + r) 


61% 1 


(l.W 


02325 2459S 33711 








64% ] 




02734 96077 74757 


h 1 




02938 37776 86210 


M ! 


175 


03140 84642 61624 




03342 37554 86950 










m 


03742 64979 40624 


4% ] 


m 


03941 41191 76137 


10% 1 




04139 26851 58325 



For Amount, A, of soy principal, P, altei « years; j4 = i* (1 + !■)" 
For present worth, P, of any amount, A, at the end of n years; P ~ A-i- {i-^-T)" 
To find logariUimB and antilogarithms of A and P to many significant figures, use 
Table XI, p. 126, and Table I a, p. 20. 



TABLE XII/— AMEHICAK EXPERIENCE MORTALITY TABLE 

Based on 100,000 living at age 10 



Age 


aiirvivlLg 


Dostb! 


Age 


aHvi-iving 


„.... 


Ago 


iZX, 


...... 


At 
Ago 


.^ar. 


Dentils 


10 


100,000 


749 


36 


81,822 


^ 


60 


67.917 


1.646 


86 


6,485 


1,292 


u 


99,^1 


741. 


36 


81,090 


737 


61 


66.371 




86 


4,193 


1.114 


12 


98,505 


•Hi 


87 


80,353 


742 


62 


64.743 




87 


3,079 




13 


07,762 


710 


36 


79.611 


749 


63 


53,030 


1,800 


88 


2,146 


744 


14 


97,022 




39 


78,862 


756 


64 


61,230 




89 


1,402 


ess 


15 


96,2f) 


735 


40 


78,106 


765 


6S 


49,341 


1,980 


90 


847 


386 


le 


95,550 


7« 


41 


77,341 


774 


66 


47,361 


3.070 


91 


462 




17 


94.S18 


7J* 


42 


76,567 


78S 


67 


46,291 


2,158 


92 


216 


137 


18 


94,089 




43 


75,782 


797 


68 


43,133 


3343 


63 


79 




19 


93,3ti2 


725 


44 


74,986 


812 


69 


40.890 


2,321 


94 


31 


18 


20 


92,0.17 


126 


4S 


74,173 


828 


70 


38,669 


2,391 


95 


3 


3 


ai 


9i,qu 


722 


46 


73,34S 


848 


71 


36,178 


2,448 








32 




721 


47 


72,497 


870 


72 


33.730 


2487 








23 


90|471 




4S 


71,637 


896 


73 


81,243 


2,505 








24 


89,7nl 


719 


49 


70,731 


927 


74 


38.738 


2.S01 








25 


89 0J2 


718 


60 


09 804 


962 


7B 


26.237 


2,476 








26 


3«,*14 




61 


681842 


1,001 


76 


23,761 


2,431 








27 


H7,'5')b 


718 


62 


67,841 


1,044 


77 




2,369 








28 


B«,S'-8 


"H 


63 


06 "97 


1091 


78 


18,961 


2.291 








29 


86 100 




54 


6j70b 


114S 


79 


16,670 


2.19(1 








30 


85.441 


)(, 


65 


r4 5f3 


1199 


SO 


14,474 


2,091 








31 


84 7 1 


1 


6G 


6i«4 


1^60 


81 












32 


84 000 


T>i 


67 


6:il 4 


1325 


82 


10,419 


i;816 








33 


83 " 




58 


lO 71 


1394 


S3 


8,(>0S 


1,648 








34 


82 551 


7X 


59 




1468 


84 


6.956 


1,470 
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Tal)le XIII — Important Constants 

lOGABiTiTMa or Important Constants 



.=„.... 


ViLTJH OF n 


Looi„» 


^ 


3M159365 


0,437 14<)87 


l^JT 




9,50285013 


t' 


'18(«60140 


0.99429S175 


V' 


1 77M\ S5 


0,24857494 


c=Naperian Base 


. 7182S18J 


0.43431H48 


Ar = log,«e 


13U'H48 


9.6377843] 


1-i-3/=1ob;,10 


J30..58EO!t 


0,;ill23l569 


180 -^ ir = degrees in 1 radian 


57 J457711 


1 758I22li,S 


ir-M80 = r^ian3inl'' 


017*8^ 


8.24187737 


V + 10800 = tadlana in 1' 


00002008833 


6.46372612 


ir-^-fitSOOO-radianaiul" 


000004848136811095 


4.68567487 




0000048481368I107fi 


4,68657487 


Uii 1" 


000004848136811133 


4.(58557487 


ceutimetei-s in 1 ft. 


W4h0 


1.4840158 


feet ill 1 em. 


0a"2808 


8,5159M2 


iuches in 1 m. 


m J7 (exact legal value) 


l,5aiH>54 


noiinds iu 1 kg. 
kilograma in 1 lb. 


J20462 


0.3433MO 




9.6566660 


g (average value) 


32.16 rt./seo./aec. 
= 981em./sec,/sec. 


1.6073 
2.99186B0 


weight of 1 uu. It. of water 


62.425 lb. (mas. density) 


1,7953586 


weight of 1 .:ii. ft. of air 


0,0807 lb. (at 32° F,) 


8,907 


eu, in. in 1 (U. S.) gallon 
ft. lb. iiev see. in 1 U. P. 


231 (exact legal value) 




550 (exact legal value) 


3.740;i637 


kg. ni. pet sec. in 1 H. P. 


7fl.04M 


1,8810445 


watts in IH. P. 


745.957 


2,8727135 



SEVBail. NUMBEIIS VBEY A 









89793 


23846 


26433 


































Jtf- 2,30258 


a0fl29 


MWO 


68401 


79914 


64684 


log 


TT- 0,49714 


98736 


M133 


854$; 




88291 


log. 


j«- 9.63778 


43113 


00536 


78913 







Certain Convemibijt Valcbs e 







-^ 


■-A 


,., 


1U\ 


Lo.,.. 


, 


1,000000 


1,00000 


1,00000 


^ 


l.OOOOOOO 


0.000000000 


2 


0.500UOO 


1.41421 


1,25993 










3333:13 


























5 


0.200000 


2,23607 


1.70998 


120 


0,0083333 


0.698W700O4 


B 


0.166667 


2.44949 


1.81712 


720 


0.0O13889 


o,rr8i5i3.'io 


7 


0.143857 


3,li457S 


1,01293 


6040 


0.0001984 


0.846098040 


8 


0,125000 


3,82843 


200000 




0,0000248 


O.S03089H87 






3.00000 












O.IOOOOO 


3.16328 


2.15443 


36288UO 


0.000O003 


1,000000000 
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Table XIT 


ffl- 


-Four Place Logarithms 


[XIV 


H 





1 


2 


8 


4 


S 


6 


7 


8 


9 


13 3 


4 5 


789 


10 


0000 


0043 


ooa« 


0128 


017C 


0212 


0253 


fl294 


0334 


0374 


4 8 12 


17 31 35 


39 33 37 


13 


1X14 
0792 
113H 


04B8 
0838 
1178 


0492 

0864 

1208 


0681 

0899 


0069 
09Si 
1271 


0607 
0969 
1303 


06*6 
lOM 
1835 


0682 
1038 
1S67 


0719 

1073 
1899 


0755 
1106 
1*30 


4 811 
3 710 
3 610 


1519 33 
14 17 21 
131619 


36 30 34 
34 28 81 
23 36 29 


14 
IB 
16 


1461 
1761 
3041 


140! 
1790 
2G68 


1623 
1818 
2090 


160E 
1847 
2122 


168* 
1876 
2148 


IBl! 
2t7C 


16** 
1931 
2301 


1673 
1969 
2227 


1703 
1987 
2208 


1732 
2014 
3379 


3 6 
3 6 


9 
8 
8 


12 16 18 
11 14 17 
U 13 16 


212*37 
a) 32 25 
18 31 34 


17 
lit 


2301 
2a33 
378f 


2330 

2677 
2810 


23SS 

2601 
2888 


2380 
2620 


2400 
3648 
2878 


2*30 

8872 
3900 


2*K 

2696 
29K 


2480 
2718 
2946 


xto* 

27*3 
2967 


%29 
3765 
2989 


2 6 

2 * 


7 
7 
7 


101315 
9 1214 
9 1113 


17 2023 
1619 21 


SO 


3010 


3033 


308* 


3070 


8096 


S118 


31» 


3160 


8181 


3301 


3 4 6 


8 1113 


19 17 19 


21 
23 


3222 
3i34 
3617 


3243 
3444 
363a 


3263 
346* 
3666 


3284 
3483 
367* 


3304 
8503 
3693 


8824 
3622 
3711 


3346 
8341 
3739 


3366 
3060 
8747 


3380 
3579 
3766 


3104 
3698 
3784 


3 * 

2 4 

3 4 


6 


8 10 13 
7 9 11 


141618 
1416 17 
13 16 17 


24 
26 
2(1 


8302 
3it79 
4100 


3820 
3997 
4106 


3838 
401* 
4183 


4031 
4200 


3874 
40*8 
4218 


4066 
4233 


3909 
4083 
4249 


3937 
4099 
4265 


3^6 
4116 
4281 


3963 
4133 
4288 


3 4 
2 4 
2 3 


6 

6 


7 9 11 
7 9 10 
7 8 10 


13 14 16 
13 14 10 
111316 


27 

2a 


4314 
4472 
4034 


4S30 
4457 
468i) 


43*6 

4002 
465* 


4362 
1618 
4669 


4378 
4533 
4683 


4393 
404S 
4698 


4409 
4664 
4718 


4430 
4679 
4728 


4440 
4594 
47*2 


**H 
4751 


2 3 

3 3 
1 3 


6 
6 
4 


6 8 9 
6 8 9 
6 7 9 


11 12 14 

11 13 14 
10 12 18 


30 


47n 


4786 


4800 


481* 


4829 


4848 


4807 


4871 


*S86 


4901 


1 3 i 


6 7 9 


10 11 13 


31 
32 
33 


491^ 
618i 


606B 
6198 


0211 


*966 
0003 
6334 


499S 
B106 
623T 


4983 

6119 
6360 


s 


0011 
6146 
6276 


602* 

6159 
.6289 


6302 


1 3 

1 3 
1 3 




6-7 8 
5 7 8 


10 I! 12 
91113 
91112 


31 
35 
38 


531S 
5563 


6453 
BS7B 


6087 


6KtS 
6478 
669E 


6366 


SST8 
6002 
6623 


s 


H03 

S527 
6647 


0*16 
6639 
6658 


5428 
666] 
6670 


1 3 
1 3 
1 3 




5 6 8 
5 6 7 


910 11 
910 11 
81011 


38 


579f 
0!I11 


B894 
6809 
6923 


0821 
6933 


B71T 


6730 
S84S 
69ii6 


6T40 

6BSa 
6966 


C86f 
6977 


6783 
0877 
6988 


0770 
6888 
6989 


6780 
0899 
6010 


1 3 

1 2 
1 3 


3 


5 6 7 
5 6 7 

4 5 7 


8 9 10 
8 910 


41 


0031 


6031 


00*2 


6003 


6064 


6076 


6080 


6098 


6107 


6117 


1 2. 3 


4 6 6 


8 910 


6128 
0332 
b335 


6188 
62!3 
6346 


61*8 
6351 


em 

6365 


6170 
6374 
6375 


6180 

63& 


6191 

a2M 

6386 


0201 
6304 
640S 


0213 
6314 
6410 


6321 
6425 


1 3 

1 3 
1 3 


3 
3 


4 6 6 
4 5 6 
4 6 6 


7 8 9 
7 8 9 
7 8 9 


44 
45 


6435 
033; 


6M4 
6542 
6637 


645^ 

em 


6464 
6561 


6*74 
6571 
6665 


6484 
6530 
6675 


6493 
6590 
6684 


6503 
6699 
6693 


6513 
660! 


661) 
6712 


1 2 
1 2 


3 


4 6 6 


7 8 9 
7 8 9 

7 7 8 


47 
48 
41) 


0731 

Gsi: 


6730 
G821 
(Mill 


6739 
6SS0 
6020 


6749 
6839 
6028 


6768 
6848 
6937 


6767 
6857 
6946 


6776 
6866 
69!W 


6785 
6875 
6964 


6794 
6884 
6972 


680; 
698: 


1 2 

1 2 

1 2 


3 


4 6 6 
4 5 


7 7 8 

7 7 a 

6 7 8 


SO 


OflRO 


fi99S 


7007 


7016 


7034 


T033 


7042 


7060 


7059 


7067 


13 3 


3 4 6 


6 7 8 


SI 

52 
53 


7076 
7160 
T243 


70S4 
7168 
7351 


7093 
7177 
7259 


7101 
7185 
7267 


7110 
7193 
7276 


7118 
7202 
7384 


7136 
7310 
7292 


s 

7300 


71*3 
7228 
7308 


7162 
7235 
7316 


1 2 
1 3 
1 3 


3 


3 4 5 
3 * 5 
3 4 6 


6 7 8 
6 7 7 
6 6 T 


,14 


7334 


7332 


7340 


734ft 


7Wfi 


73(14 


7372 


7380 


7338 


T39h 


1 2 


3 


3 4 6 


6 6 7 


IT 





1 


2 


3 


4 


5 


6 


7 


8 


9 


1 3 3 


* 5 


7 8 9 



The proportional parts aro stated in lull lor every tenth at the right-hand side. 
~ ■ BC of four eignifieant figures can be read direotJy by add- 



The logarithm of any n 
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Table XIV a — Four Place Logarithms 



T TflWTI 
a 767B T( 
fi 771(2 7 



6 8312 S 
8SI6S 
8 8430 » 



» seiBa 

9 8676 81 
7 8733 » 



9«» & 

mm » 



Ho-odt, Google 
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Table XIV />- 


Antilogarithms to Four Places 


[XIY 







1 


2 


3 


4 


6 


6 


7 


8 


9 


•" 




7 8 9 


.00 


1000 


1002 


1005 


1007 


1009 


101 a 


1014 


1016 


1019 


1031 


1 

'o 1 

1 
1 

1 1 
1 1 


1 1 1 

1 1 3 
1 1 3 

1 1 2 
1 1 2 


2_3 Ji_ 

3 3 2 

3 3 3 
3 3 3 
3 2 3 

3 3 .T 
2 3 3 


.01 
'.03 
M 
.05 

.oa 

.07 
.08 
M 


i02;t 

1047 
1073 
10*1 
1122 

1175 
1302 
1230 


102fi 
lOSO 
1074 
1099 
1120 
1151 
1178 

ia« 

1233 


1028 
1052 
1076 
1103 
1127 
1153 
1180 
1208 
1386 


1030 
1(B4 
1079 
1104 
1130 
1106 
1183 
1211 
1339 


103S 
1IK7 
1081 
1107 
1132 
1169 
1186 
1213 
1342 


1035 
1059 
1084 
1109 
.1136 
1161 
1189 
1216 
1245 


1038 
1062 
1086 
1113 
1138 
1164 
1191 
1219 
1347 


1040 
1064 
1089 
1114 
1140 
1167 
1194 


1042 
1067 
1091 
1117 
1143 
1169 
lliff 
1235 
1253 


10*5 
1069 
lOM 
1119 
1146 
1172 
1199 
1227 
1266 


.10 

,11 

.12 
.13 

it 

.16 

'.m 

.19 


13B9 


1262 


12B6 


126f 


1271 


1274 


127f 


1279 


1383 


12S6 


1 1 


1 1 2 


2 3 3 


12B8 
1318 
13*9 
1380 
1413 
144S 
147B 
1S14 
1B4U 


1321 

1384 
141f 

1517 


12S4 
1334 

1387 
1419 
1452 
1486 
1521 
ISSG 


1297 
1337 
1358 
1390 
1423 

1489 
1924 
166C 


1300 
1330 
1361 
1393 
1426 
1459 
H93 
1928 
1663 


1303 
1334 
1366 
139B 
1429 
1462 
1496 
16S1 
1667 


130t 

1387 
1368 
1400 
1432 
1466 
1500 
19»t 
1670 


134( 
1371 
1403 
143! 


1313 
,1843 
1374 
1406 
1439 
1473 
1507 
1543 
1678 


1315 

1340 
1377 
1400 
1443 
1476 
1610 
1546 
1681 


1 1 
1 1 
1 1 
1 1 
1 i 
1 1 
1 1 
1 1 


1 3 2 
1 3 2 
1 2 2 
1 3 3 
1 3 3 
1 3 2 
12 2 
1 2 3 
1 3 2 


2 2 3 

3 3 3 
3 3 3 
2 3 t 

2 S 3 
'lis 

3 3 ^ 
2 3 3 


.20 


1585 


1589 


15^ 


159C 


160C 


160£ 


1607 


1611 


1614 


1618 


1 1 


1 2 2 


3 3 3 


.21 
.23 
,23 
.24 
.SS 
.26 
,27 


ISSH 
1660 
1898 
IT38 
1778 
1820 
1862 
11(05 


1742 
1782 
1824 
1306 
1910 
19n4 


1639 
1667 
1706 
1740 
1786 
1838 
1871 
1914 
1959 


1638 

ion 

1710 
1760 
1791 
1832 
1875 
1919 
1963 


1837 
1676 
1714 

1794 
1796 
1837 
1879 
1923 
1968 


1641 
1079 
1718 
1768 
1799 
1841 
1884 
1928 
1972 


164^ 
1733 
1762 
1803 
1M5 
1888 
193i 


1849 

193f 
1983 


1652 
1690 
1730 
1770 
1811 
18M 
1897 
1941 
1986 


1686 
1694 
1734 
1774 
1816 
1358 
1901 

im; 


1 1 

oil 

1 1 

1 1 

oil 

1 1 

I 1 


1 3 2 
3 2 3 

2 2 2 

2 2 2 

3 3 3 

2 2 3 

3 3 3 
3 2 3 
2 3 3 


3 -i ^ 
3 3 3 

3 3 4 

3 i 4 
3 4 4 


,30 


HW5 


3000 


2004 


2009 


2014 


2013 


2023 


2028 


2032 


3087 


1 1 


3 2 3 


8 4 i 


'.sz 

.34 
,85 

.88 
,37 
,38 
.39 


201! 

2188 
2201 
2314 
2309 
34fifi 


2046 
2091 
2143 
2193 
2244 
2296 
23D0 
3404 
24m 


205: 
214J 
2198 
2249 
2B01 
23l» 
3410 
2466 


2056 
3104 
2153 

225( 
2307 
3360 

241ffl 
34TS 


2061 

2109 
21G8 
2208 
3269 
3313 
2366 
2421 
2477 


3066 
2118 
2163 
3318 
3265 
3317 
2371 
2427 
3488 


2070 
2118 
2108 
221i 
333; 
3377 
2433 
2489 


213: 
3178 
2338 
2276 
2338 
3S82 
3438 
3496 


2080 
312S 
3178 
2228 
2280 
2333 
2388 
3443 
3600 


2084 
3138 
2183 
223' 

2441 
3906 


1 1 

1 I 3 
1 1 3 
I ] 2 
1 1 3 
1 1 2 
1 1 2 


2 2 3 

3 3 3 
3 2 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 


3 4 4 
3 4 4 

3 4 4 

4 4 6 
4 4 5 


.40 


Sfil! 


2niA 


2528 


S52( 


3935 


3541 


2M7 


2B63 


3669 


3964 


1 1 3 


2 3 4 


4 5 5 


.41 
.43 
.43 
,44 
,45 

.47 
.48 
.49 


3570 
2630 
2692 
375! 

2951 
3090 


268( 
2898 
2761 
2826 
2891 
295! 
309: 


2S83 
28*3 
2704 
3767 
283] 

2965 
3034 
3106 


2973 
;«4! 
3112 


3694 

2666 
3716 
2780 
3844 
3911 
3979 
304) 


2600 

2861 
3723 
278t 
2911 

SOSi 
3126 


2806 

3667 
3738 

s 

2934 
2992 
3063 
3133 


2613 
3673 
2735 
3799 
3864 
2931 
3991 
3141 


361i 
3741 
2806 
387J 

3006 
3076 
3148 


2824 

2636 
2148 
2812 
2877 
3944 
3013 
3083 
3155 


1 1 3 
1 1 3 
1 1 3 
1 1 3 
113 

1 1 2 
1 1 1 


3 3 4 
3 3 4 

2 3 4 

3 3 4 
3 3 4 
3 3 4 
3 3 4 


4 5 6 
4 5 6 

4 5 

5 5 fi 
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-Antilogarithms to Four Plaeea 
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i 


» 


3 


4 


9 


6 


7 


8 


9 


13 3 


4 5 6 


7 8 9 


.60 


3163 


3170 


3177 


3184 


am 


3199 


320i 


3314 


;i22i 


322S 


1 1 3 


3 4 4 


5 6 7 


'.52 
.53 


3286 
3BU 
33S8 


3243 
8S19 
3396 


3201 
8337 
3104 


3208 
8334 
341;^ 


S 


3373 
8800 
3428 


3281 
8867 
3436 


8289 
8866 
3443 


8396 
3373 
8151 


3304 
3881 
345! 


12 2 


3 4 4 
3 4 6 


5 6 7 
5 6 7 


.55 
.56 


am 

3048 
3631 


347S 
3906 

3839 


3*83 
3060 
3618 


3191 

8678 
3666 


S 


3008 
80B9 
3673 


351t 

8097 
3681 


S 


3614 
8698 


3540 
3623 
370T 


12 3 

13 3 


3*0 
3 4 6 


6 6 7 


.57 
.58 
.59 


3710 

3803 

389ft 


3734 
8811 

889! 


3733 

3819 
3908 


3741 

3B2S 
8917 


E 


3768 
8846 
3936 


3767 
8800 
39^ 


g 


8784 
3B73 
39B3 


3793 
38S2 
397i 


1 2 3 


3 4 5 
* 5 6 


6 7 8 


.60 


mi 


8990< 


3099 


1009 


4018 


4027 


103< 


4048 


4056 


4064 


1 3 3 


* 5 6 


7 8 8 


.SI 


4074 
1169 
4286 


4088 
4178 
4216 


4093 
418! 


4103 
4198 
41!95 


4305 


1121 
4317 
4315 


4130 

4327 
1335 


4140 
4236 
4335 


1160 
4246 
*345 


4256 
4355 


1 3 3 
1 3 3 
1 3 3 


* 6 G 
4 6 6 


7 8 9 


.*66 

.tie 


4365 
4467 
4571 


4376 
4477 
4081 


4386 
4487 
1592 


4395 
4498 
4603 


B 


4416 

s 


1539 
4634 


443f 


4*46 
4660 
4666 


4*57 
4660 
*667 


1 3 3 
1 3 3 
1 3 3 


* 6 6 


7 8 9 
7 8 !J 
7 9 10 


.67 
.68 


s 




4690 
4808 
4920 


4710 
48m 
4932 


4721 
4831 


4732 
4842 
4966 


1742 
488! 
496( 


186d 

4977 


*764 
*a75 
*989 


4775 
*887 
6000 


1 2 3 
1 2 3 


4 6 7 
6 6 7 


8 9 10 
8 9 10 


.70 


501:^ 




6035 


6047 


6068 


SOTO 


608! 


0098 


6106 


6117 


1 2 3 


5 6 7 


8 910 


J3 


5139 
6248 
6370 


5140 
S260 

6383 


6102 
0273 

6396 


6164 
0284 

6408 


6176 
0397 
6430 


6188 
6309 
0438 


6321 
0140 


SiV. 
640i 


534< 
6*70 


5236 
6358, 
6483 


13 4 


5 6 7 

5 6 7 

6 6 7 


8 10 11 
910 11 
910 11 


.74 
.76 

.76 


84B6 
0623 
67B4 


6008 
663( 


6621 
B641 


6534 
0662 
6794 


EBiB 
667( 


0009 
6689 
0821 


8672 

mtei 

OSMj 


6680 
8716 
0848 


6698 
5728 
0861 


5610 
57*1 
5ST5 


III 


5 6 8 
5 7 8 
5 7 8 


91013 
9 1113 
91112 


.77 
,78 
.79 


60B6 

616a 


6902 
0039 
6l8a 


0016 
6053 
6191 


6929 

s 


ffi 


8967 
6OH0 
0237 


6970 
6109 
62U 


0984 
8124 
6266 


6998 
6138 
6281 


6012 
6152 


1 3 4 


5 7 8 

6 7 8 


10 11 13 
101113 
10 11 13 


.80 


H310 


B324 


fvm 


635; 


6368 


6388 


6S97 


6412 


6*27 


(»42 


13 4 


6 7 9 


10 12 13 


.81 


6*67 

6807 
6761 


6471 


5486 

6687 
679i 


6601 

6653 
6308 


6618 
6668 


S 

6839 


6046 
6699 
6865 


6061 

6714 
68n 


6077 
6730 
6887 


669S 
6740 

6903 


2 3 6 

2 3 

3 3 5 


6 8 9 
6 8 9 
6 8 9 


11 12 14 
11 12 14 
11 13 14 


,'es 


6918 
707BI 
7244 


6934 
728] 


6900 6966 
7113 7139 
72T8 7296 


6982 
7145 
7311 


0998 
7161 
7828 


7015 
7178 
7345 


7031 

719* 
7362 


7047 
7211 
7379 


7228 
7396 


2 3 5 
2 3 6 
2 3 6 


7 810 
7 8 10 
T 810 


11 13 15 

12 13 15 

13 1415 


.87 


7413 
7686 
77B3 


7430 
7603 
7780 


7447 
7621 
7798 


7464 
7638 
7816 


T606 
7881 


i 


7516 
7691 
7870 


753* 
7709 
7889 


7001 
7727 
7907 


7568 
7740 
7930 


2 4 6 

3 4 5 
3 4 6 


7 910 


13 1* 16 
13 14 16 

13 15 Hi 


,90 


7M3I 


7862 


7080 


79B8 


8017 


8036 


806* 


8072 


8091 


8110 


2 4 6 


7 9 11 


1316 17 


.Bl 
!93 


861] 


8147 
88Sr 
8531 


S166 
8306 
8051 


sm 


8396 
86M 


823E 


8341 
8433 

8630 


8260 

8108 
8660 


827S 
8*73 
8870 


8299 
8*93 
8690 


2 4 6 

3 4 6 
2 4 6 


8 10 13 
81012 


13 15 17 

14 16 18 


1 


891; 


8730 
8933 
9141 


8700 
8954 
9162 


E 


8790 
8996 
9304 


S 


flOSI 
9347 


8861 
9057 
9268 


8878 
9078 
9290 


8895 
9099 
9311 


2 4 6 

2 4 6 

3 4 6 


81013 
91113 


14 16 :8 

15 17 19 
15 17 19 


.97 

!y9 


i 


9354 
9672 
9796 


95* 
9817 


9840 


9419 
9638 
9863 


«4] 
9886 


9*62 
96S3 
9908 


9484 
9705 
9931 


9606 
9737 
9954 


9528 
9750 
9977 


2 4 6 
3*7 
2 6 7 


91113 
91113 
91114 


16 17 19 
1618 20 
16 13 31 



Ho;-dt,CoOgk' 



138 Table XIV c — Four Place Trigonometric Functions [xiv 

[CbarMtsristks of Logarithms orallted— detenaloe bj the Maual rule ft-om tHe value) 



UBtiNH 


DEOKEEa 


Sr^E 


Tabsebt 


OoTiSaEBT 


CoaiBE 










V^lu« " Lob., 


Vdup Log» 


Valuo Log^ 


ValLe Log„ 






.0000 


COO' 


.0000 — 


.0000 





1.0000 .0000 


80=00' 


1.5708 


.0029 


10 


.0030 .4637 


.0039 .4637 


343.77 .6363 


1.0000 


OOOO 


50 


1.6670 






.0058. .7(^8 


.0058 .7648 


171,89 .2352 


1.0000 


0000 


40 


1,6850 


ioOiff 




.0087 ,9408 


,0087 .9409 


114,69 .0501 


1.0000 




30 


l,6(i31 


.0110 


40 


.0116 .0658 


.0116 .0658 


85,M0 .9342 


.999!) 


0000 




1.5592 


.0146 


SO 


.0145 .1627 


.0145 .1637 


68,730 .8373 


.0990 


0000 


10 


1.0563 




l-OO' 


,0178 .2419 


.0175 ,3410 


67.390 .7581 




9999 


89° 00' 


1.5^^3 


!02O4 


10 


.0204 .3088 


.02(H ,3089 


49.104 .0911 






50 


1.5504 


.0233 


30 


,0233 .3668 


.0333 .3669 


43.964 .6331 


.0997 


0099 


40 


1.B475 


.0202 


30 


.0262 .4170 


.0282 .4181 


38.188 .5819 


.9997 


9999 


30 


1.5440 




40 


.0391 .4637 


,0201 .4638 


ta.368 .5362 


.9906 


0998 


20 


1.6417 




BO 


.0320 .5050 


.0320 JS053 


31.242 .4047 


.9995 


9993 


10 


1.5388 


.0349 


8° 00' 


.0349 .5428 


.0349 .5431 


28.636 .4560 


.9904 


0997 


88=00' 


1.6380 


.0378 




.0378 .5776 


.0378 .5779 


26.432 . .4221 


.9993 


9997 


60 


lji330 






,0407 ,6097 


.0407 .6101 


24.642 3399 




0096 


40 


1.5301 


.0436 


80 


.0436 ,0397 


.«37 .6401 


22.904 


3699 


.9990 


9996 


30 


1.5272 


.MRS 


40 


,0465 .6677 


.0466 .6682 


21.470 


331S 




99B5 


20 


1.6343 


.0495 


60 


/>494 .6040 


.(M96 .6940 


20.206 


3065 




9995 


10 


1.5213 


.0524 


8=00' 


,0633 .7188 


.0524 .7194 


19.081 


2806 


,0986 


9904 


87=00' 


1.6184 


.0553 


10 


.0552 .7423 


rfl653 .T429 


18.075 


2B7I 


.9985 


9993 




1.51B5 


.0582 


20 


,0581 .7646 


.0683 .7652 


17.169 


2348 






40 


1,5126 


.OSll 


30 


,0610 .7857 


.0613 .7866 


16.360 


2136 






30 


imn 


.0840 




,0640 .8050 


.0641 .8067 


16.606 


1<I33 


.9080 


9991 


20 


1.5068 


.0609 




.0669 .8251 


.0670 .8261 


14.9M 


1739 


.9978 


9990 


10 


1.S039 


.0698 


4=00' 


,0698 .8436 


.0699 .8446 


14.801 


1654 


.9076 


)0S9 


86=00' 


1.5010 


.07al 


10 


,0727 .8613 


.0729 .8624 


13.727 


1S76 


.9il74 




60 


1,4981 


.0756 


20 


.0756 .8783 


.0758 .8796 


13,107 


1206 


.0071 




40 


1.4952 




30 


.0785 .8946 


.0787 .8960 


12,706 


1040 


.9969 


9987 


30 


1.4023 


!08i4 


40 


,0814 ,9104 


.0816 .9118 


13,351 




.0967 


9986 


20 


1.4893 


.0844 


50 


.0843 .9256 


.0846 .9273 


11.82S 


0728 


.9964 


9985 


10 


1.4864 


.0873 


6=00' 


,0872 .9103 


.0875 .9420 


11.430 


0580 


.9063 


9983 


85=00' 


1.4835 






-OBOl .9545 


.0904 .9583 


11.059 


0437 


.9959 




50 




.0931 


20 


.0929 .9682 


.0934 .9701 


10.713 


XI29n 


.9957 






1.4777 


.0060 


30 


,01B8 .9816 


.0963 .9836 


10.386 


0164 


.0954 


9080 




1.4748 




40 


,0987 .9945 


.0992 .0966 


10.078 


0034 


.9951 


9979 


20 


1,4710 


!l018 




.1016 .0070 


.1022 .0093 


9.7882 


9907 


.9048 


0977 


10 


1,4690 


.1047 


G=00' 


.1046 .0192 


.1061 .0216 


9.6144 


97M 


.0M6 


9978 


84=00' 


1,4661 


.1076 


10 


.1074 .0311 


.1080 .0336 


9.2558 


9664 


.9043 


0976 




1,4632 


.1105 


20 


.1103 .0426 


.1110 .0463 


9.0098 


9547 


.9939 


9978 


40 


1,4603 


.1134 


30 


.1132 .05;W 


.1139 .0587 


8.7769 


0433 


,0936 


9972 


30 


1,4573 


.1164 


40 


,1161 .0648 


.1160 .0678 


8.5555 




.9933 


9971 


20 


1,4544 


,1193 


50 


.llaO .0765 


,1198 .0786 


8.3450 


9214 




0969 


10 


1,4615 


.1323 


7=00' 


,1319 .0858 


.1228 .0801 


8.1443 


9109 


.9926 




88=00' 


1,4486 


.1251 




.1248 .0961 


.1257 .0995 


7.9530 


9006 


.9923 




60 


1,4457 




20 


.1276 .1060 


.1287 .1096 


7,7704 


8904 


.9918 


9964 


40 


1.4428 


.1309 


30 


.1305 .1157 


.1317 .1194 


7,5958 


8806 


.9914 




30 


1.4399 


.1338 


40 


.1334 .1252 


.1346 .1391 


7.4387 


8709 


.9911 




20 


1.4370 


.1367 




.1363 .1349 


.1376 .1385 


7.2687 


8616 


.9007 


9959 


10 


1.4311 




8° DO' 


.1392 .1436 


.1405 ,1478 


7.1154 


8522 


.9003 




8S=00' 


1.4312 


!l425 


10 


.1421 .1520 


.1435 .1569 


6.9883 


8431 


.9899 


9966 




1.4383 


,14M 


30 


.1449 .1612 


.1465 .1658 


6.8at9 


8342 




9H54 


40 


1.4254 


,14&1 


30 


.1478 .1697 


,1495 .1746 


6.6012 


8255 




9953 


30 


1.4224 


,1513 




.1507 .1781 


.1524 .1831 


6,6606 


8169 




9950 


20 


1.411)5 




50 


.1536 .1863 


.1554 .1915 


6,4348 


8086 


.9881 


9948 


10 


1.4166 


.1571 


9° 00 


.IBM .1M3 


,1.584 .1997 


6.3138 


8003 


.9877 


9M6 


81=00' 


1.4137 






Value LoBi 


''S!^.lJ^^- 


^"rlvrEBf" 


ValuG Los« 


.„„. 


KiDIiKB 



Four Pla«e Ti 



igonometric Funotious 



■ 


Deqeees 

EflEEES 


Sine 


TiBOEBT 


COTABQEBT 


Coa 


BE 










Falua Los, 


Value Log„ 


Value Log, 


Value 


Los, 






.1571 


9° 00' 


.1504 .1943 


.1584 .1997 


6,3138 .8003 


.9877 


9946 


81° 00 


1.4137 


.1600 


10 


.1593 


3023 


.1614 


2073 


6.1970 .7922 


.0872 


9944 




i .4108 


.1639 


20 


.1622 


2)00 


.1644 


2158 


6.0844 .7842 


.9868 


9942 


40 


1.4079 


-1658 


30 


.1650 


317li 


.1673 


2236 


5.9758 .7764 


.9363 


<mo 


30 


1.40511 


.1687 




.1679 


2251 


.1703 


2313 


3.8708 .7687 


.9868 




20 


1.4021 


.1716 


SO 


.1708 


2324 


.1733 


23S9 


6.76W .7611 


.9353 








.1745 


10=00' 


.1736 




.1763 


2463 


6.6713 .7537 




9934 


80=00 


1.3963 


.177* 




.1763 




.1793 


2536 


6.B764 .7464 


,'9843 


9ftfl 


50 


1.3984 






.1794 


2538 


.1823 


2009 


6.4846 .7891 






40 


1.3904 






.1832 


3600 




2680 


6.3956 .7320 


!9833 


9937 


30 


1.3375 


.1862 


40 


.1851 


2674 




3750 


5.3098 .7360 


.9837 


9924 


30 


1.3846 


.1891 


50 


.1880 


2740 


.1914 


3819 


5.2267 .7181 


.9822 


9922 


10 


1.3317 


.1920 


11° 00' 


.1908 


2806 


.1944 




6.1446 .7113 


.9810 


9919 


7B°00 


1.3788 




10 


.1937 


2870 


.1974 


2953 


5.0668 .7047 




0917 






.1978 


20 


.1966 


2934 


.2004 


3020 


4.9894 .6980 


.9806 


9914 


40 


1.3730 


.2007 


30 


.19M 


21)97 


.3036 


3085 


4.9162 .6915 


.9799 


9912 


30 


1.3701 




40 


,2023 


3058 




3149 


4.8*30 .6851 


.9793 


9909 


20 


1.3672 






.2051 


3119 


12095 


3212 


4.7729 .6788 


.9787 


9907 


10 


1.3643 


,209* 


12" 00' 


.2079 


8179 


.2126 


8379 


4.7M6 .6726 


.9781 


9904 


78=00 


1.3614 


-2123 


10 


.2108 


323S 


.2166 


3338 


4.6382 6604 


.9775 


9901 


50 




.2153 


20 


.2136 




.3186 


3397 


4.6736 .6603 


.9769 


9399 


40 


I'.S&ha 


-2182 


30 


.2164 


J363 


.2217 


3458 


4.0107 .6543 






30 


1,3526 


.2211 




.2193 


3410 


.2247 


3517 


4.4494 .6483 


:9r57 


9393 




1.M97 


.2240 






3466 


.3278 




4.3897 .6424 


.9750 


S890 


10 


1.346S 


.2269 


13" 00' 


.2250 


3S21 


.2309 


3634 


4.3316 .6366 


.9744 


9887 


77° 00' 


1.3439 






.2278 


3079 




3691 


4.274T .6309 


.9737 


9884 


50 


1.3410 


!2327 




.2300 




:2370 


374B 


4.2193 .6363 


.9730 


9881 


40 




.23.16 


30 






.3401 


3804 


4.1663 .6196 




9878 


30, 


l!3352 


,2385 


40 




3734 


.2432 




4.1126 .6141 


^9717 


9870 




1.3323 


,2414 


60 


.2391 


3786 


.3462 


3914 


4.0611 .6086 


.9710 


9872 


10 


1.3294 


.2443 


14° 00' 


2419 


3837 


.2493 


3968 


4.0108 .6032 


.9703 


9869 


76° 00' 


1.3266 




10 


2447 






4021 


3.9017 .5979 


.9696 




50 


1.3235 


'.'ista 


20 


2476 




!2556 


4074 


3.9136 .6920 


.9689 


J363 






.2531 


30 


2504 




.2586 


4127 


.S.8667 .8873 


.9681 


9869 


30 


1.3177 


.2560 


40 




4035 


.2617 


4178 




.9674 


9350 


20 


1.3148 






2560 


4083 


.2648 


4230 


a7760 iSTTO 


.8667 


9353 


10 


1.3119 




is^oo- 




4130 


.3679 




3.7321 .6719 


.9659 


9849 


76° 00' 


1.30U0 


'.2647 


10 


2016 


4177 


.2711 


4831 


3.6891 .5669 






50 


1.306! 


.2676 


20 


3644 


4223 


.2742 


4381 


3.6470 .5619 


.9644 


9843 






.2706 


30 


.2872 


4269 


.2778 


4430 


3 6059 .6570 




9839 


30 


1.3003 


.2734 


40 


.3700 


4314 


.2805 


4479 


3.0666 .6631 






20 


1.2974 


27b3 


50 


.2728 


4369 


.2836 


4B2T 


3.5281 .6473 


:9631 




10 


1.2M5 


27^3 


16° 00 


.2756 


4403 


.2867 


4675 


3.4874 .6429 


.9613 


9838 


74° 00' 


1.2915 


2822 


10 


2784 


4447 


J899 


4623 


3.4W5 .5378 


.9605 




60 




2S51 


20 


2S12 


L491 


5931 


4669 


e.4124 .9331 




5821 


40 


1.2357 


23M) 


30 


2840 




.2962 


4716 


3.3T69 .6284 




9817 


30 




2*19 


40 




1576 


.2994 


4782 


B.S402 .8238 


.9630 


9814 


20 




J'lffl 


60 




4618 


.3026 


4808 


3.3052 .6192 


.9673 


9810 


10 


1.2770 


2t)e7 


17° 00 


2924 


4659 


.3057 


4863 


8.3709 .6147 


.9563 


S80« 


73° 00' 


1.2741 


2908 






4700 


.3089 




3.2371 .6102 


.9596 


9802 


50 


1.2713 




20 


2979 


4741 


.3131 


4943 


3.2041 .5067 


.9546 


9798 


40 


1.2683 


..■50,54 


30 


3007 


4781 


.3163 


4987 


3.1716 .5013 


.9537 


9794 


30 




.3083 


40 




4331 


.3186 


5031 


3.1397 .4969 




9790 




1.2625 


.3113 




3003 


4861 


.3217 


6076 


3.1084 .4925 


.9620 


9786 


10 


1.2595 


.3142 


IS^'OO' 


3090 


4900 


.3349 


6118 


3J)777 .4882 


.9611 


9782 


72° 00' 


1.2066 






•■s,i-. 


^c™1--ge™'" 


Val«e^ L"g„ 


V:alii6 


issk 


oit^Li 


KiDIJNb 



Four Place Trigonometric Functions 



1 -OOIS . 
. 15090 '. 



,3476 .J 
.3E0S .1 
.ffiWU ,1 



2.7980 .' 
2.77'^ ,■ 
2.7475 .. 



.3475 .1 
.3502 .1 

!3557 J 



A MS 
.4072 
.4102 



.6100 i 
.6136 i 
.6172 S 



.44S7 
.4522 
.4967 



) .3514 ,■ 
> .3480 . 
I .3447 . 



.4734 .( 
.4770 .1 
,4a06 .1 



I .6144 . 
1 .6470 , 
I .6495 . 



^I^^ n«B^<^ K, 



Four Pla«e Trigonometric Fnnctions 





n„.. 


Sin 




TiBaKT 


OOTABGEBT 


Ooei 


m 








™ue 


I.og„ 


Value liog^ 


™u« Log„ 


■aluH 


Loft. 






,4713 


aroo' 


4540 


6570 


5095 .7073 


1.9626 ,2938 


8910 


9199 


63° 00' 


10906 




10 


4566 


6595 


9133 


7103 


1.9486 


3897 


8897 


9493 


60 


1,09«S 




20 




6620 


.5169 


7134 


1.9347 


3866 




9186 


40 


1.0937 


,4800 


30 


4617 


6644 


.5306 


7166 


1.9210 




8870 


9479 


30 


1.090S 


.4829 


40 


4^3 


6fi6S 




7196 


1.9074 


2804 


8857 


tt73 




1.0879 


,4858 


50 


4669 


6692 


iftSBO 


7326 


LSMO 


3774 


8843 




10 






28° 00' 


46» 


6716 


.5317 


7367 


1.8807 


27M 


8839 


9469 


63° 00' 


1.0821 


'A<a6 


10 


4720 


H740 


.6354 


7287 


1.8676 


2713 


8816 


9153 




1.0793 


.4H4B 


20 


4746 


6763 


.5393 


7317 


1.8646 


!683 




9146 


40 
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